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PREFACE 


This study is intended to provide new insights into the econonic factors 
affecting the size and geographic distribution of R & D subcontract procurement, 
with special reference to the NASA program, llajor achievements over previous 
studies include: 

(a) Extending economic analysis to the 2nd tier subcontract level. 

Previous studies have only speculated as to the size, technical and 
industrial characteristics, and geographic distribution of 2nd tier 

jf 

procurement. < 

(b) Recognizing the dollar importance of subsystem and non-subsystem 1st 
tier procurement and the different technical and industrial charac- 
teristics of each. These differences are offered as the primary de- 
terminants of the size and geographic distribution of subcontract 
procurement in general, and 

(c) Recognizing the presence of stable subcontract relationships for 
prime contractors engaged in similar activities. These relationships 
provided a basis for forecasting subcontract size and geographic distri- 
bution on an individual prime contract basis. 

By virtue of the four and one half year tine period of this study, it has 
been possible to provide additional Insight into the stability of the relation- 
ships discussed. Short tine periods of available data and inconsistent sub- 
contract samples have prevented similar efforts in previous studies. 

MURRAY L. '-JEIDENBAin 

Director, NASA Econonic Research Program 

Washington University 
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CHAPTER I 
INTRODUCTION 


Since the early 1950 's, expenditures for R & D have played an Increasingly 
Important role in the total pattern of Federal procurement. Although estinates 
of fiscal 1966 and 1967 R & D expenditures showed a slight decline, there is 
every reason to believe that as the resource priorities of the Viet Nan war 
decrease, these R & D expenditures will return to their pre-war levels and may 
well increase at an even faster rate. 

The most dramatic change within total K 6 0 procurement has been the 
increased share accruing to NASA. NASA R & D and R & D plant procurement has 
increased from 97.3 million dollars in fiscal 1958 to an esti;?.ated 5,505.7 
millicn dollars in fiscal 1965.—^ In terms of total Federal R & D and R & D 
plant procurement, this change represents an increase from 2.0% in fiscal 1953 
-to:32.2%-in-flscal 1966.1/ 

— ^ - JIhe. increased. significance of .NASA R & D expenditures raises questions as 
to the size, nature, and geographic. distribution of the economic impact. One 
has only to. read the works of Bolton, Park, Tlebout and Weldcnbaum to know that 
there are significant regional economic impacts involved in Federal procurement 
programs, and. that these impacts play an -important role in the economic 


‘ t?3CtZ5Tial“ Science Foundation, Federal Funds for Research. Development and 
Other Scientific Activities . Volume XV, July 1966, pp. 154 and 155. 


~ Ibid , pp. 154 and 155. 
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developmenC of the affected regions.—^ Because of these regional growth la- 
pllcatlons, much public attention has been given to the so-called “fair share" 
controversy. Interested parties in what may be referred to as the "have-not" 
areas contend that a "fair" or "just" distribution of R & D funds has not been 
accomplished. On the basis of their share of total United States population. 
Federal income tax payments, or general manufacturing capability, these areas 
argue that they should have received a larger ("fairer" - i.e. in proportion to 
their share of total population, etc.) portion of total R & D procurement. 


A. Statement of Purpose 

In an effort to provide a basis for discussing public policy issues such 
as those just mentioned, the present study has undertaken a presentation and 
analysis of the geographic distribution of NASA 1st and 2nd tier subcontract 
activity, and has explored the extent to which the resulting geographic distri- 
bution can be objectively explained on economic grounds. More specifically, 
the purposes of this paper are as follows: 

1. To examine the size and distribution of 1st tier subcontract pro- 
curement over an extended(4 1/2 yeariieriod of time, thereby limiting 
certain time phasing problems present in previous studies. 

■ ' 2. To extend this examination to the hitherto unresearched level of 

2nd tier subcontract procurement. 


~ Roger E. Bolton, Defense Purchases and Regional Growth . Washington, D.C., 
Brookings Institution, 1966; Se-Hark Park, Urban Employment Multipliers and 
TKeir Application to the Aerospace Industry in St. Louis . Washington University, 
St. Louis, Mo., June, 1965; R. S. Peterson and C. 21. Tiebout, "Measuring the 
Impact of Regional Defense-Space Expenditures," Review of Economics and Sta- 
tistics . Volume XLVI, November, 1964; Hurray L. Weidenbaum, "Measurement of the 
Impact of Defense and Space Programs," American Journal of Economics and 
Sociolo-:v . October 1966, Vol. 25, 2'.o. 4. 
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3. To define the basic factors affecting the size and geographic 
distribution of NASA subcontract procurement, and in particular, to 
explore the relationship between subcontract size and distribution and 
the Industrial and technical nature of contract activities. 

4. To assist policy decision-making by providing a basis for first 
approximation forecasts of the size and goegraphic distribution of 1st 
and 2nd tier subcontract. 

B. Organization of the Study 

To accomplish these purposes the study has been organized in the following 
manner. Chapter II provides a discussion of the prime and subcontract data. The 
primary purpose is to qualify the NASA "postcard" subcontract data as repre- 
sentative enough of the subcontract universe to permit generalizations for the 
entire NASA subcontract program. Of special significance is the presence of all 
major NASA space systems in the prime sample and the relative insignificance of 
the subcontract av/ards from those primes not Included. 

Chapter III provides the empirical basis upon which the conclusions of 
succeeding chapters will be based. The size (subcontract ratios) and geo- 
graphic distribution (by state and region) of NASA 1st and 2nd tier subcontract 
procurement is presented, and appropriate implications for regional economic 
analysis are suggested. Of special concern is the role of hone area procurement 
and distance in determining the geographic distribution of awards, and the im- 
portance of R & D "complexes" as centers of NASA procurement activities. The 
difference in geographic emphasis between 1st and 2nd tier procurement is noted 
and the Industrial and technical requirements of subcontract activities are 
offered as possible explanations. 
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Chapter IV pursues this possibility by categorizing subcontract activities 
as subsystem and non- sub system and examines the relationship between this dif- 
ferentiation and the subsequent differences in subcontract firms, industrial 
emphasis and ;gedgraphlc distribution of procurement. Tlie dual nature of 1st tier 
subcontract activities provides a basis for discussing these differences. The 
industrial and technical requirements of 2nd tier procurement offer additional 
support and further implications for non-subsystem activities. 

Chapter V utilizes previous conclusions to develop a forecasting model 
which is designed to provide first approximations of the geographic distribution 
of subcontract awards. Two approaches are considered. The first Involves de- 
veloping multiple regression equations on the basis of each state's share of 1st 
and 2nd tier subcontract awards (dependent variable) and its corresponding share 
of total (United States) technical personnel and ''key" industry employment 
(independent variables). The second is a regional approach based on differences 
in technical and industrial emphasis of subcontract procurement resulting from 
different prime activities. By categorizing prime contracts on the basis of 
their contract activities, fairly stable 1st tier subcontract distribution 
patterns to the Northeast, Pacific and East North Central regions are developed. 

Chapter VI is a summary of the major conclusions reached in Che study. 
Additional areas of research and various data needs are discussed. 

Before moving on, one final issue should be discussed. This Is the de- 
cision to concentrate on subcontract procurement. This decision was motivated 
by two factors. At the time this study was begun, little reliable information 
existed regarding the geographic distribution of subcontract av/ards. Earlier 
studies recognized the importance of subcontract programs and attempts were made 
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to account for then.— In most cases the geographic distribution of subcontract 
av;ards was assumed to be closely associated with the geographic distribution of 
employment or wages paid in certain defense or space-related industries. However, 
direct (via subcontract data} enpirical support for these assumptions was not 
available. Secondly, no attempt had been made to organize and analyze from a 
purely economic point of view the fairly extensive 1st and 2nd tier subcontract 
data collected under NASA's "postcard" reporting system. 


~ " C. A Brief Survey of the Literature 

~ From 1964 on, and particularly in 1965 and 1966, various studies involving 
both NASA and the Department 'of Defense have exploredthe geographic relationships 
and economic implications of R & D prime procurement. At the time- the 'present- 
study was begun, only the first of a three part series of Stanford Research 
Institute (SRI) studies was published.— ^ However, since that time a C-E-I-R 
staidy and- Ct/o additional SRI studies of DOD subcontracting and the- and • 

Hof fgnberg studies c£. NAS A- ^bcoiLtractlng- hava-been-'publ4.she<k'^^-'?nr-an--e^fort 


A/ - .. . . 1 . 

— See footnote 3 for a list of earlier studies. 

~ k. Shapero, R. P. Howell, J. R. Tombaugh, An Exploratory Study of the 
Structure and Dynamics of the R & D Industry . Stanford Research Institute, 
Menlo Park, California, June, 1964. 


— ^C-E-I-R Inc. , Economic Impact Analysis- of Subcontractin° Procurement 
Patterns of Haior Defense Contractors , Dethesda, tid. , September, 1966; 

A. Shapero, R. P. hove 11, J. R. Tombaugh, Tiie Structure and Dynamics of the 
Defense R & D Industry; The Los Angeles and Boston Complexus . Stanford Research 
Institute, Menlo Park, California, liovenber, 1965; R. P. Howell,. H. N. Breswick, 
E. D. Vfenrick, The Economic Impact of Defense R & D Expenditures; In Terns of 
Value Added and Employment Generated . Stanford Research Institute, ilenlo Park, 
California, February, 1966. R. A. Boiio, E mpirical Evidence on the Geographic and 
Industrial Distribution of Aerospace Expenditures . Washington University, St. 
Louis, Mo., April, 1966; and ii. Hoffenberg, Analysis of NASA Postcard Subcontract 
-Data. University of California, Los Angeles, California, December, 1966. 
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to place the present study in the proper conte:st of existing knowledge regarding 
subcontract activities, a brief survey of the earlier studies Is in order. 

Although R & D prices from two different Federal agencies were considered 
in these studies, the descriptive aspects of the size and geographic distribution 
of 1st tier awards were very similar. Tne most obvious and important similarity 
Is the role of the Mortheastern and Pacific regions as major centers of both 
prime and 1st tier subcontract activities, because of different prime samples, 
the combined share of total 1st tier subcontract awards to these regions differed. 
However, the figures fluct\iated within a fairly narrow range of 60% to 70%. The 
Northeastern and Pacific region share in the 1965 SEI study v;as 81% primarily 
because all sample primes were located in these regions. As a result, the home 
procurement share, which would not have been included if the primes were located 
in other regions, was added in. 

In addition to recognizing the dominant position of the Northeastern and 
Pacific regions, the C-E-I-R study pointed out that the flow of net 1st tier 
awards was from the IJest and South Census regions to the Northeast and North 
Central regions. However, no attempt was made to correlate these flows with 
Che industrial and technical nature of subcontract activities. The 1st tier 
"From - To" figures in the Hoffenberg study suggest the same net flow. However, 

It was not specifically mentioned. 

A similarity of establishments engaged in prime and subcontract activities 
was noted in the C-E-I-R and Hoffenberg studies. The similarity was concluded 
to be indicative of a limited network of firms and areas capable of performing 
the more sophiscicaCed subcontract activities. As a result, both NASA and DOD 
1st tier procurement is characterized by considerable substitution of supply 
sources in one area for those in another. A similar conclusion was reached in 
the three SRI studies, although appropriate figures were not provided. 
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All but the Boiim study considered the subcontract co pri;se contract award 
relationship (subcontract ratio). It was generally concluded that between 267 , 
and 46% of cuaulative price awards in each study tjas subcontracted. The dif- 
ferent ratios were primarily due to two factors: (a) on the average, DCD primes 
subcontracted more than MASA primes, and (b) subcontract data examined in the 
C-E-I-R and SRI studies was "contauinatea'’ in the sense that R & D and non- 
R & D prices were included. Since R & D activities are generally performed "in- 
house", the subcontract ratio for R & D primes tends to be loiter than for non- 
R & D. ^ ■ '■ *■■■“- ' ■ 1.- 

ThF C-E-I-R cind Iloffenberg studies also’ pointed -out" that bn the basis of 
individual prime contracts there was considerable variation in the subcontract 
ratio. The C-E-I-R figures ranged from- 10* 3% to 62.0% (these figures are very 
similar to~ those of the present study). Differences in program' stages prime 
contractor current capacity- and "in-house" capability, and differences in sufa- 
contratt- time lags* were offeted as'pdssible explanations! ' 'However', ’n5' consider-* 
atioh was^given to the possielllty-of different levels-of-subeentraet-ratio-^-' — 
Stability' or'- associating subcontract* ratios with-partieular-'pfime-activlties* * 

V One-of the major purposes-of- descriptive- analysis-is to^provide-a-basis- for 

explaining the particular'relatibnships”whicR*emerge andj'if possible, develop 
methode-of- prediction. -It-is* at- this point-fehat- the- cbnclusidns-of -earlier- • 
studies-as'well as those of tae present 'one differ the’mosti- -*' --“•i- 

The SRI studies of- 1964 and 1965 concentrated on the-dominant pesltion of * 
the IJortheast and West (primarily* California) Census regions as-centers of suB- 
£aiitxact activity. In explaining this situation, it vjas concluded that the 
greatest portion (85%) of NASA 1st tier procurement involved products and services 


- 8 - 


which were referred to as "high technology".— ^ The primary sources of technical 
and research capability required by these ’’high technology" subcontracts were 
concluded to be con<:entrated In the Northeast and West regions, and specifically 
In their major "R & D complexes". As a result, the following subcontract pat- 
terns were observed: 

1. Prime contractors in either the Northeast or West region subcontract 
70% in the home region and 15% in the other. 

2. Prime contractors outside the Northeast and West regions procured 20% 

in the home region (mostly non-tecanical) and divided the remainder be- 
tween the Northeast and West regions roughly according to the distance 
from them. i" 

Thus a general forecasting model was established on the basis of subcontract 
technical requirements and the prime contractor's place of performance relative 
to the Northeast and West Coast complexes. 

However, the major emphasis in the SRI model is on the distance relationship. 
This was apparently the result of two factors: (a) a tautological interpretation 

of the subcontract data (see the Bohm study) , and (b) the short time period of 
subcontract data used for differentiating "high technology" and non-technical 
activities. NASA 1st tier subcontract reports for the period January 1, 1962 
to April 30, 1963, provided the basis for classifying subcontract activities. 

The early time phasing of awards for large subsystem projects by primes 9-150 
(Apollo) and 9-170 (Gemini) gave these reports a "high technology" bias. Conse- 
quently, the extent of "high technology" activity discussed in the 1964 SRI study 


— High technology refers to products and services that have a relatively 
high input of technical professional labor per unit. 


is overstated and the amount of non- technical procurement has a greater Influence 
on subcontract location than Is implied. Therefore, the share of awards re- 
ceived by & & D complexes from primes in non-complex areas may fall short of 
Che SRI predictions. 

The 3ohm study recognized this shortcoming and attempted to provide a basis 
for more clearly differentiating technical and non-technlcal procurement. The 
subcontract expenditures (as opposed to obligations) for the Gemini project in 
St. Louis were classified by three digit SIC codes and then viewed in relation 
to their geographic distribution. The following observations were made: 

1. The highly technical and more refined Gemini Inputs were concentrated 
in the electronic, aircraft and instruments industries and were procured 
outside the area most economically connected with 5C. Louis (500 mile 
radius). Northeastern and Pacific region complexes were the major 
recipients. 

2. The non-technlcal or low value Inputs were concentrated in the materials 
(metal and chemical) tmachlnery, and metal products industries and v:ere 
heavily concentrated in the surrounding region (500 mile radius). As 

the Bohm study concluded, these relationships make it possible to more 
accurately predict the geographic distribution of subcontract procurement 
given the prime location and the industrial breakdown of subcontract 
activities. 

The Bohm study did not pursue the industry relationship as far as it might 
have. It did not recognize that the geographic distribution of subcontract 
awards is not only a function of the degree of technical sophistication (as 
measured by their Industrial classification) but also the concentration of 
productive capability in those Industries most Involved with MSA procurement. 

In other words, (a) the share of subcontract awards to the home region as opposed 


I 


I 
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to Che complexes is determined by Che degree of technical sophistication (i.e. 
industrial classification of subcontract activities), and (b) the subsequent 
distribution of awards within the hone region or between Che complexes is a 
function of each area's respective concentration of productive capability in 
the industries involved. 

The Hoffenberg study did recognize this differentiation, and thereby sug- 
gested that a blend of industrial and technical factors is responsible for the 
geographic distribution of subcontract procurement. The Hoffenberg study agrees 
with the SRI studies by concluding that the major portion of 1st tier procurement 
is concentrated in highly technical activities (subsystems). As a result, Che 
Northeast and Pacific Coast complexes are the focal points of subcontract 
activity. However, the Hoffenberg study goes on to conclude that the share to 
each is primarily a function of the industrial nature of the awards rather chan 
the distance of the prime contract from the complex. It is pointed out that the 
Boston centered complex is characterized by specialized capability in the 
electronics industry, while the California complexes are more likely to receive 
awards for aircraft-related activities, particularly those involving large dia- 
meter motor effort. Distance was concluded to have some significance for chose 
primes located in or very near an R & D complex. 

Although the present study generally agrees with the conclusions of the 
Hoffenberg study, certain shortcomings should be noted. Briefly they are as 
follows : 

1. Comparative data are not provided for the industrial characteristics 
of subsystem activities and their geographic place of performance. The ' 
conclusion that subsystem procurement gravitates to areas of specialized 
industrial capability is merely implied from the inter-regional flow of 
awards and the fact that certain centers of subcontract activity are also 
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centers of electronic and aircraft production. 

2. The significance of "high technology" or subsystem procurement is 
overemphasized. Only passing reference Is made to less technical 1st 
tier activities and the Industrial and technical nature of 2nd tier 
procurement is only speculated. As a result, the role of the East 
North Central region as a source of less technical subcontract activities 
is not examined. 

3. Observations and conclusions regarding the factors affecting subcontract 
distribution are confined to total 1st tier procurement. The relationship 
between prime contract activity and the industrial and technical char- 
acteristics of resulting subcontracts (and therefore the geographic 
distribution of awards) Is not explored. 

Only the C-E-I-R study differentiated subcontract distributions on 
an individual prime contract basis. It concluded that there was an 
inverse relationship between the size of cumulative prime awards and 
the geographic concentration of subcontract activities. In light of 
the geographic concentration of subcontract awards from NASA primes 
1-3800, 7-100 and Sl'JP-1 (see Chapter 5), this observation has limited 
applicability for N.ASA procurement. The 1966 SRI study suggested that 
the size of cumulative prime awards and the type of prime institution 
may provide more meaningful predictions of subcontract distributions 
than those based solely on the prime to complex distance relationship. 
However, no attempt was made to intergrate this conclusion Into the 


distance model 
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C'JUPTlR II 

DISCUSSION OF THE DATA 


A. The “Postcard" Reporting System 

The subcontract data to be examined in tbe present study represent the 

1st and 2nd tier awards reported by I'lASA prime and 1st tier contractors unuer 

8 / 

the "postcard" reporting system. The original reporting system was begun 
in August of 1962 and included only the top 12 NASA prime contractors (on a 
cumulative award basis) and those prime contracts (57) which received cumulative 
awards of $500,000 or more.'^^ Each prime contractor was required to reoort all 
1st tier subcontracts which were estimated to e:<ceed $10,000 and each modifi- 
cation in excess of $10,000 on any previously reported subcontract. The specific 
information required by each subcontract report can be found in the sample re- 
porting card on -the nexx_page. — j 0£ particular importance in-analyzin& the geo- 
graphic distribution of awards are the amount of the subcontract (items 8 and 17 
for 1st and 2nd tier respectively), the principal place of job performance 
(items 11 and 20), and a description of the type of work being performed (items 
12 and 21). VJhen a 2nd tier award is reported, items 12 and 20 are both filled 
in. Consequently, it is possible to associate each 2nd tier place of performance 
with the geographic source of the award. 


O / 

Awards are synonymous with obligations as contrasted with expenultures 
or actual dollar receipts. 

Q / 

— In alphabetical order the top 12 contractors are Aerojet-General Corp., 
Boeing Co., California Institute of Technology (Jet Propulsion Lab), Chrysler 
Corp., Douglas Aircraft Co., Crumtaan Aircraft Corp., Ling-Temco-Vought , Inc., 
Lockheed Aircraft Corp. , McDonnell Corp. , Uorth AT.erican Aviation, Inc. , 

TRW, Inc., United Aircraft Cor?. 
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The terra subcontract as useo by NASA means procurement in excess of $10,000 
by the prime contractor or 1st tier subcontractor of articles, materials or 
services entering into the performance of a specific NASA prime contract. 
Purchases which cannot be identified with a specific NASA prime contract are 
excluded.—^ Therefore, if the subcontract activity applies to more than one 
prime contract (of $500,000 or more) and it is possible to determine the amount 
of procurement applicable to each one, separate subcontracts of $10,000 or more 
are reported. To the extent that it is impossible to differentiate each prime 
contract's proportionate share, the subcontract will not be reported. Mr, 
Stanley A. Sawmelle, Chief of the Reports Branch, Staff Operations Division, 

NASA Procurement Office, believes that data lost because of this factor is 
slight. However, he admitted that NASA had no empirical basis for this 
conclusion. 

Those 1st tier contractors receiving subcontracts which exceed or are 
expected to exceed $10,000 must report all 2nd tier subcontracts estimated to 
exceed $10,000 and each mo&iflcation in excess of $10,000. Although the 2nd 
tier activity enters into the performance of a particular 1st tier project, no 
attempt is made to associate the two. Second tier awards are coordinated with 
the appropriate prime contract only. As a result, it is impossible to determine 
any relationship bett^reen the nature of 1st tier activities and the resulting 
size and geographic distribution of 2nd tier awards. Bach 2nd tier subcontract 
can be linked to the 1st tier firm and his place of performance However, a 


-iS^^See item D on the sample reporting postcard. 

ll/xhls issue was discussed with Mr. Sa;jmelle in a personal interview on 
September 27, 1966. 


12 / 

See items 4 and 11 on the sample reporting postcard. 
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single 1st tier contractor often perfoms nany 1st tier activities in the sane 
location. 

Subcontract reporting was made retroactive to January 1, 1962 on a voluntary 
basis. Consequently, the accuracy and consistency of reporting in this period 
is open to question. For this reason all fiscal year coaparisons in the present 
study concentrate on the subcontracts reported between fiscal years 1963 and 1966. 

In June of 1964, subcontract rej^orting uas expanded to all i>rime contracts 
with cuJBulative awards of §500,000 or core. The same subcontract dollar cut-offs 
were applied. By broadening the reporting base, a more representative sample of 
prime contracts and a larger subcontract sample were achieved. However, a change 
in the reporting base also introduces a discontinuity into time comparisons of 
the size and geographic distribution of subcontracts. Although this study in- 
volved certain time comparisons, no attempt was made to net out those subcontracts 
reported under the new group of prime contracts. It was felt that the magnitude 
of the discontinuity did not greatly affect the size or distribution of 1st and 
2nd tier awards. For fiscal years 1965 and 1966 the prime contracts Included 
after June 1964 accounted for only 17 and 15 % of 1st and 2nd tier procurement 
respectively. Consequently, the subcontract patterns continue to be dominated 
by the original 57 primes. 

The prime contracts included after June 1964 posed an additional problem. 

Many of them did not report sufficient subcontracts to provide a comprehensive 
distribution pattern. In an effort to minimize this geographic bias, and yet not 
eliminate the advantages of a more representative prime sample, the present study 
concentrated on only those new prime contracts with 5 or more 1st tier awards. 

The 5 subcontract cut-off was chosen on the basis of an examination of sub- 
contracting patterns for all prime contracts reporting 1st tier awards. The 
indication was th.at at levels below 5 the resulting geographic pattern bore little 
resemblance to other prime contracts involving the same activities and fines. 
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B, Sample Prlne Contract Data 

The resulting prime sample Includes 266 separate contracts to organizations 
In 28 states plus Washington, D.C. All but 12 were let to domestic business 
firms. The only significant (in terms of cumulative awards) non-business 
award was the unmanned exploration of space program performed by the California 
Institute of Technology- 

It is concluded by the present study that although the prime sample pos- 
sesses fewer separate contracts than the universe of 1-!ASA primes, it is repre- 
sentative of all cumulative prime awards and the major prime contractors. For 
the period fiscal 1962 through fiscal 1966 the sample prime contracts received 
$12.0 billion or 81% of the cumulative awards to all NASA prime contracts 
During the same time period, the top 20 prime contractors (on a cumulative award 
Z '^jasls) were identical for the NASA prime- universe and prime sample. Only minor 
.alterations in rank occurred. As a result of the similarity of prime contractors, 
the locations of contract performance were also quite similar. Eight of the top 
id states receiving awards for the NASA prime universe were included' in the top 
10 states for the sample primes (see Table 1). The two states (Washington and 
r' Wisconsin) not- included In the top lQ_prine iiriiyeise ranked 16th aad_llth 
respectively. 

The most significant difference iTetween the'NASA prime un±verse_and the 
prime sample is the relative share of cumulative awards to each state. The top 


~ The cumulative awards to the sample prime contracts were obtained from the 
E-19 listing of ciaaulative awards for ail active prime contracts. This listing 
is kept in the NASA Prccurement Division, Office of Reports and Statistics in 
Washington, D.C. The IIASA prime universe figures were taken from the NASA 
Annual Procurement Re:;crt. Fiscal Year 1966 . p. 71. Awards to the Jet Propulsion 
Laboratory were added. 
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TABLE 1 


DISTRIBUTION OF NASA PRBE CONTRACT AWARDS; FISCAL YEARS 1962-66 


NASA Priae lYiiverse 


NA.SA Prijne Ssgple 


State 

Rank 

Share of 
Total Awards 

Cumulative 

Share 

State 

Rank 

Share of 
Total Awards 

Cumulative 

Share 

Cal 

1 

^^9.7^ 

49.74 

Cal 

1 

59.00 

59.00 

NY 

2 

7.73 

57.47 

La 

2 

9.35 

68.35 

La 

3 

7,28 

64.76 

NY 

3 

7.49 

75.84 

Ala 

h 

5.65 

70.40 

Mo 

4 

5.91 

81.75 

Mo . 

5 


75.33 

Ala 

5 

4.17 

85.92 

Fla 

6 

kAO 

79.48 

Fla 

6 

2.80 

38.72 

Tex 

7 

3M 

62.98 

TJisc 

7 

2.05 

90.77 

Md 

8 

2.2k 

85.22 

Tex 

8 

2.00 

92. 7T 

NJ 

9 

2.08 

87.30 

NJ 

9 

1.71 

94.43 

Mass 

10 

1.7^^ 

89.05 

Wash 

10 

1.10 

95.58 

Wise 

u 

1.64 

90.69 

m 

11 

1.00 

96.58 

Pa 

12 

1.48 

92.17 

pa 

12 

.89 

97.47 

Ohio 

13 

1.23 

93.40 

EC 

13 

.84 

98.31 

EC 

ih 

.97 

94.37 

Mass 

l4 

.70 

99.01 

Va 

15 

.95 

95.32 

Ohio 

15 

.34 

99.35 

Wash 

16 

.90 

96.22 

Conn 

16 

.27 

99.62 

Minn 

17 

.65 

96,87 

Arlz 

17 

.07 

99.69 

Conn 

18 

.55 

97.42 

111 

IS 

.07 

99.76 

111 

19 

.47 

97.89 

Ga 

19 

.05 

99.81 

Mich 

20 

.36 

98.26 

Miss 

20 

.04 

99.85 


Source; Prime universe — NASA Annual Proeurenent Report, Fiscal Year 1966 , 

p. 71. Avarda to the Jet propulsion Laboratory 
were added. 

NASA Active Priae Contracts as of June 30^ 19^*5, 
Listed Alphabetically by Contractor. 


Prime sample — 
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10 states for the prise universe and prise sacple received 89 and 96% of their 
respective total cimulative awards between fiscal 1962 and 1966. Most note- 
worthy is the disproportionate share of cumulative awards to California. 

California received 50 and 592 of the cumulative awards for the prime universe 
and prime sample respectively. 

C. Subcontract Samples 

As a result of this bias, the geographic distribution of subcontracts in the 
present study may not be completely representative of the universe of subcontracts. 
This is especially true for that portion of procurement which is less tied to 
areas of specialized industrial and technical capabilities-- In other words, the 
greater the role of distance or home region procurement the less representative 
becomes the sample subcontract distribution.. Hcnjever,. this is true'only to-the 
extent that the sample subcontracts originate from different geographic areas 
than all NASA subcontracts (complete dis’cussion of the primary source of- sub- 
contracts Is' undertaken In Chapter 4). For now, it is sufficient to point out 
that the greatest share of. 1st and 2nd tier' awards^ cone front the large space. * 
system prime contracts and 1st tier subsys tem.activitles- respectively All of 
NASA's major space system prime contracts are included in the present- prime 
sample.- Those states which are most under-represented (liaryland, Massachusetts, 
New. Jersey, Ohio and Florida) receive no. large (lOD million. dollars or more) 
prime contracts which are not included in. the prime sample.. _. =.1 

- - -In order to obtain a rough estimate o£-tht. significance of 1st tier sub- 
contracts which are not included in the sample, a 15% subcontract ratio was ap- 
plied CO the difference between the N.4SA prime universe (cumulative awards) 
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and Che sample prlmes^i^ The result was an adcltlonal 423 million dollars of 
1st tier procurenent. If this figure is added to the reported 1st tier awards, 

Che estimated 1st tier subcontract universe becomes 4,071 million dollars. 

The unreportcd share represents only 10. of this figure. 

A total of approximately 25,000 1st tier subcontracts totalling 3,647 
million dollars was reported between January 1, 1962 and June 30, 1966. Of this 
amount 66% was let under 5 of the top space system prime contracts (see discussion 
in Chapter 3). Consequently, it may be argued that any attempt to generalize 
the findings of the present study to all NASA subcontract procurement will be 
misleading in the sense that all prime contractors nay hot follow the same pro- 
curement patterns as the top 3. Although the NASA prime universe and prime— *- 
sample include many of the same' firms , these flrns* may subcontract differently - 
under different contracts.' As is pointed out in Chapter 5, subcontract patterns 
do change as the prime contract activity changes. However 7 within a” -given prime 
category (based on the activities being performed) fairly stable subcontract 

pat tern's' emerge. *’* • — --- 

’ ""A total "of 'approximately '5,200 2nd tier "subroiTtr^ts tcrtVlTirfg 4^50 -million 
ddXlafs were let by 1st tier sUbcontra'ctors during therperiod January 1, 19&2 
through June 30, 1966. The significantly reduced amount of 2nd tier procurement 
1^ the 'result of three factors, briefly they are ■asr"follov;s : *(al“'A-trfce lag' 
of approximately one year between the 'awarding of 1st tier awards (primarily* 
sub-syscems)"'and the “'nuts and bolts" procurement 'at toe 2nd eier’levet (see--" 
Chapter 3) (b) 2oci tier activities are generally less complex and extensive 


14/ 

— ' In Chapter 5 it is concluded that the subcontract ratio for prime contracts 
other than those in the llajor Space System category is in tne 10-20% range. 

A 15% ratio was merely chosen as tne miu point. 
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as prime and 1st tier (subsystem) and therefore are likely to involve pro- 
portionately more work performed “in-house*' and individual procurement awards 
of less than $10,000 (see Chapter 4), (c) Second tier subcontract reporting 

has been less complete than 1st tier. 

The latter factor is particularly important, for the degree of compliance 
with the reporting system greatly affects the reliability and therefore the use- 
fulness of the resulting subcontract data. In an effort to insure continual 
and accurate reporting, NASA has initiated a check system, basically it works 
as follows: By means of (a) past experience, (b) %ake or buy" lists-in the 

prime contract, and (c) knowledge of the prime contractor's “in-house”' capability 
relative to the prime -activity, Nasa has developed a-general- idea of the amount 
of subcontract procurement that may be expected' from a given prime contract and 
the larger 1st tier activities. Records of't’ne reported 1st and 2nd tier sub- 
contracts are kept for each prime contract of $500^000 or more." •Periodically, 
letters 'are sent to' the'"NASA* spice 'centers listihg-tfie 1st and 2nd- tier" awards 
reported up to that points The centers- confirm these figures with their re- 
epective prime -eoatraetorsi If the -amount- of- repotted subcontracts Is^below-- 
what is "expected", the prime contractor is asked to explain why this -is the 
case and is "urged" to comply more fully in the future. - Each prime contractor 
makes the same requests of its major 1st -tier contractors. NASA- officials be-’ 
lieve that 1st -tier reporting is approximately 90% effective.—^ However, they 
readily admit that 2nd"tler reporting is considerably 'less. Due to che'greater 
"in-house" capability and the tendency towards smaller individual awards, it is 

— ^Tnis figure was given by tlr. Sawmelle of the NASA Procurement Office, 

Staff Operations Division, Reports Branch. 
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more difficult to determine whether the amount of 2nd tier reporting Is rep- 
resentative or not. 


D. Data Lialtations 

A. Of particular concern for regional impact analysis is the loss of data as 
a result of the reporting dollar cut-offs. In tetas of number of contracts, 
the prime cut-off is of some importance, for l.*ASA directly procures many 
small items and services through prime contracts of less than $500,000.—'^ 
However, the findings of the present study regarding the size of prime con- 
tract awards and~the amount of subcontracting suggest that the dollar value 
of subcontracts resulting from small prime projects is relatively insignificant. 

This is not necessarily Che case for subcontracts which go unreported be- 
cause they are less than $10,000. It is reasonable to assume chat because 
of size and the quantity needed, various parts, materials and services would 
not require oiltrays' (present or estimated-) exceeding $10,000. Unfortunately, 
neither IJASA nor previous subcontract studies have shed much light on this 
subject. -Offi-oiale of the NASA Procurement Office, Reports Branch state that 
they have little reliable information on the number or dollar significance of 
these’ aw’ards.’ From what is known, they estimate that the awards of less than 
$10,000 amount to approximately 12Z of the total value of 1st tier procurement. 
They suspect that the figure is higher for 2nd tier awards but have no empirical 
evidence. The significance of the unreported subcontracts becomes less ss 
the basis for -regional analysis is aggregated. In the SMSA surrounding the 
price r nnrrprror , th e loss of subcontract data of less than $10,000 has its 


— ^These prime contracts are characterized by procurement of small con- 
struction projects, engineering and architectural services, transportation and 
small R & D stu dies. 
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grcatesc Impact, for the majority of smaller services and ’ nuts and bolts*' 
items are more subject to local procurement. As the basis of analysis is 
e.^panded to the state, Census division, and Census region, the relative 
Importance of these subcontracts is substantially reduced. For this reason, 
all geographic distribution analysis in the present study is confined to the 
state or Census division (hereafter to be referred to as region). 

B. The ever-present human error factor involved in a reporting system of the 
type used by NASA has also limited the reliability of the subcontract data. 

Two of the most serious errors are incorrect reporting of the subcontract 
place of performance and reporting cumulative rather^ than individual awards 
for a given subcontract project. Tne most common error associated with the 
subcontract place of performance is that sales offices rather than production 
sites are reported. To check each of the 30,000 subcontracts in the present 
study would be extremely time consuming and of questionable net value. It 
was concluded that the significance of these errors could be minimized by 
concentrating on regional geographic analysis. However, even this degree of 
^SSi^sgdt^ion is subject to error, especially in light of the number of 
California sales offices of mid-western and east coast firms. 

The extent of cumulative subcontract reporting Is unknown. In early 1966, 
seeps were taken to clarify and correct the subcontract reports of the 
largest prime contractors. According to the staff of Hconomics Associates 
in Washington, D.C, , the most serious errors were corrected as of June, 1966.—/ 
However, at that time the correction process was not fully completed. 


* — All subcontract reports received by NASA are noted and then fon/arded to 
Economics Associates. Here the reported information is properly coded and 
stored on master subcontract tapes, economics Associates also prepare the 
data for quarterly subcontract reports entitled NASA Subcontracts Awarded bv 
^^ASA ’la jor Prime Contractors and Their First-Tier Subcontractors ($10,000 and over). 
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C, As will be recalled from an earlier discussion in this chapter, the 
qualifying prime and 1st tier contractors are required to report all new 
subcontracts and subcontract modifications of $10,000 or more. All modifi- 
cations which deob ligate funds are listed as negative amounts on the subcontract 
master tapes used in the present study. As a result, the net Cobllgations minus 
deobligations) subcontract figures for a given time period may be biased by 
a tine lag between the original award and the subsequent deobligation of funds. 

A spot check of all reported subcontracts (from a tape listing) indicated that 
the extent of this** bias could be significantly" reduced by using regional data 
for one year time periods. Since each subcontract is dated (when let not 
actual funding), this was easily accomplished. Obviously, some errors reraained. 
Howevef; for the major areas of space subcontract” activity (l.e7 the North- 
eastern and Pacific regions) the magnitude of the errors is 'relatively 
insignificant." 
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CHAPTER III 

DIPLICATIONS OF NASA SUBCONTRACT PROCUREIENT : SIZE AND DISTRIBUTION 


On the basis of the prime and subcontract data for the period January 1, 

1962 through Jizie 30, 1966, it is concluded that the 1st and 2nd tier sub- 
contract programs provide a wider and less concentrated distribution of NASA 
dollars, particularly at the state level. However, the extent of the re- 
distribution (as reflected by the net total procurement) is only of marginal 

^ 18 / 

significance at the more aggregate regional leyel..— ' 

A. Net Procurement Distribution 

Since l!ASA prime contracts are heavily concentrated In .the states of 
California, New* York, Missouri, and Louisiana"(6d%) , and especially so in Che 
sample used In this study (82%)',“ it is not surprising to find that on a state 
T)asd!s*the subcontract program has a significant effect. In particular the 
-states of Hissourl and New York .(the combined _sour.ce of 25,7J?L of_ all Ist^tier 
procurement) received a net dollar share of.3r5% and 5.6% respectively . (after 
allowances for subcontracts to other states) "compared to their share of 6.0% 
and 8.4% of prime contracts per se (see Table 2). ' At Che same time, Connecticut, 
Massachusetts, Pennsylvania and all East North Central states, except Wisconsin, 
-sho^/ed marked Increases. The combined share to_these states increased from 2.4% 
-of total prime awards to 10.3% of net procur^ent. However, it should be 
recognized that part of the reason for this is the fact that these states did 

IS; ■ - 

— The terra net total procurement refers to the final dollar awards to a 
given area after the initial share of prime awards has been adjusted for 1st and 
2nd tier subcontract awards flowing into and out of chat area. All subcontract 
Inflows are added and all outflows subtracted froi- tne original prime a'-.-ards. 
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TABLE 2 


PRD4E, NET SUBCONTRACT, AMD NET TOTAL PROCURET-ENT DISTRIBUTIONS 

BY STATE AND REGION 

— “■ (dollar figures in" thousands)" “ 


State end 
Region 

Prime Contract 
pracureiLent 

Percent 

Net Subcontrf 
PrcGurement ‘ 

wt Net Total 
Procurement 

Percent 

(1) 

(2) 

(3) 


C2^^r(4) 

(0; 

Conn 

32 737 

,29 

119 548 

152 285 

1.34 

Me 

0 

0 

19B 

198 

♦ 

Mass 

58 765 

.52 

209 778 

268 543./ 
- 3 504^^ 

2.3T 

NH 

0 

0 

- -3 504 

0 

RI 

0 

0 

5 003 

5 003 

•oh 

vt 

0 

0 

7 456 

_7 456 

.07 

Total, New 
England 

91 502 

..81 - 

338 479 

429 981 

3.80- 

NJ. . 

163 539 

1.44 

99-952 

263.491 

2.33- 

m 

951 540 

8.40 

-315 388 

, 636 152 

5.61 

Pa 

95 '020 

.84 

248 491 

343 511 

3.03 

Total, Middle 
Atlantic 1 210 099 

10.68 

33 055' 

1 243 154 

10.97 

111 

4 074' 

.04-" 

47 314 

51. 388 

'.45'- 

Ind 

1 608 

.01' 

21 303 

22 9il 

.20 

Mich. 

1 070 

.01 

40 679 

4l 749 

.37 

Ohid'r ■ 

31 -792 

.28- 

70 4oi -- 

102 193 

.90 - 

Wise” 

219 654 

1.94’ 

- 4o 931' 

178 723 

1.58 

Total,^ast 



— ' ^ ' 

- * 

~~ 

Noftfi Central258 198 

2:28- 

138 766 

396^984 

3.50 :i 

Iowa"- 

i 704 

.01 "■ 

8*8 072 

89 77*6 

.79 

Kan 


. 0-- 

A -552 

. A 5 i 2 . 

.04__ 

Minn 

V 

3 171 

.03 

144 6’8l 

148 052 

1.31 

Mo 

685 924 

6.05 

-344 940 

340 984 

3.01 

Neb 

— 0 

0 

246 

246 

* 

ND _ 

0 _ . - - 

0 

0 

0 

0 

SD 

0 

0 

65 

65 

It . 

Total, West 
North Central690 799 

6.10 

107 124 

583 675 

5.15 

Bel 

93 


1 748 

1 84l 

.02 

DC 

77 906 

.69 

- 7 412 

70 494 

.62 

Fla 

282 311 

2.49 

51 419 

333 730 

2.95 

Ga 

8 978 

.08 

3 262 

12 240 

.11 

Md 

99 725 

.88 

39 657 

139 382 

1.23 

KC 

0 

0 

2 983 

2 983 

.03 

SC 

0 

0 

187 

187 


Va 

4 406 

.04 

6 985 

11 391 

.10 

W. Va 

0 

0 

1 823 

1 823 

.02 

Total, South 
Atlantic 473 419 

4.18 

100 652 

574 071 

5. 07 


o I 
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Table 2 (cont.) 


State cad 
Ref;lon 

Prime Contraot 
Procurement— 

Percent 

Net Subcontra! 
P roc urement^ 

:t Net Total 
Procurement 

’Perci 

( 1 ) 

( 2 ) 

( 3 ) 

i^) 

t 5 J 

(d) 

Ala 

396 26k 

3.50 

- 10 656 

365 608 

3.40 

Ky 

0 

0 

413 

413 

m 

Miss 

4 642 

.04 

23 869 

28 511 

.25 

Tenn 0 

Total, East 

0 

2 784 

2 784 

.02 

South Central J *00 906 

3.54 

16 410 

417 318 

3.68 

Ark 

0 

0 

724 

724 

.01 

La 

1 116 235 

9.85 

-143 531 

972 704 

8.58 

Okla 

4 933 

.04 

10 276 

15 214 

.13 

Tex 197 1^6 

Total, West 

1.74 

673 

197 819 

1.75 

So. Central 

1 318 319 

11.64 

-131 858 

1 186 46 l 

10.47 

Ariz 

7 245 

.06 

46 651 

53 896 

..48 

Colo - 

13 883 

.12 

26 482 

40 365 

.36 

Idaho 

_._0 . 

0 

286 

286 

« 

Mont 

0 

0 

46 

46 

« 

Nev 

0 

0 

4 i 8 

4 l 8 

* ' 

• p . 

N.M. 

1 935 

.02 

4 655 

6 590 

.06 

Utah 

0 

0 

4 983 

4 983 

.04 

Wy - 
Total',' 

0 

0 

0 

0 

0 

Mouatein 

23 063 

.20 ' 

83 521 

106 584 

.94 

Calif 

6 734 878 

59.45 

-432 400 

6 302 478 

55-63 

Ore :'f 

. "-Or - 

0 : 

2 606 

2 606 

.02 

V/ash 

Total, 

127 975 

1.13 

- 42 765 

85 210 

.75 

Pacific 6 862 853 

* = less than .01 

60.58 

-472 559 

6 390 294 

56.40 


NOTES ON POLIOWH'iG PAGE 
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NOTES TO TABLE 2 


i/ 

These figures represent cumulative procurement by the original 5T 
prime contracts (see Chapter 2) for the period January 1, 19^2, 
through Jure 30, 1966, and the remaining prime contracts (in the 
sample) for the period January 1, 1964, through June 30, 1966. 

Source: NASA Active Prime Contracts Listed Alphabetically by Contractor 

(Series E-19) 


2 / 

Net subcontract procurement represents all 1st and 2nd tier sub- 
contracts received by a state or region minus all 1st and 2nd tier 
subcontracts which it let outside its borders. 

Source* NASA 1st and and tier subcontract reports tabulated on the 
basis of subcontract place of performance. 


The negative net figure is .the result of data problems associated 
with reporting subcontract modifications (de obligations) in different 
time periods than -the original subcontract obligation (see Chapter 2). 


Note’: Detail may not add 't'6 totals shown due to rounding. 
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not receive a share of prime awards (In the sample used for the present study) 
comparable to their share of all NASA primes (2.4% and 8.3% respectively). 
Consequently, each state became a net "importer” of subcontract awards to a 
greater extent than if their normal "export" share would have been included. 

The magnitude of the redistribution of funds on a state basis did not carry 
over to the region (region is defined as a Census division). In most cases, the 
effect of subcontracting amounted to a change of 1% or less In the regional share 
of total NASA dollars received (see Table 2). The net "export" position of one 
state in a given region was matched to a large extent by the net "import" position 
of another. For example, Missouri Involved the greatest * "exporting" of NASA funds 
through subcontracting. As demonstrated by the comparative figures above, the 
portion of total NASA procurement actually performed in Missouri was half of the 
state's share of NASA p rime con tract s* Ye t the su bsys tem work performed in Iowa 
and Minnesota reduced the West North Central region' loss to only *9% of total 
NAS^ procurement. - The 6.15^ of - original prime awards was reduced to 5*2% after 
subcontract" awards to and from, the region. were netted out. The same situation 
heidr true^ for most*other regions. The notable* exceptions are the Pacific and 
New England regions, where the 3.8% (of NASA prime awards) net loss of the Pacific 
Is accompanied by a 3.0% net gain for New England. However, the effect of the 
change in net shares is miaimal when the" New England, Middle Atlantic and Pacific 
regions are considered together. The three regions received 72% of all prime 
awards and ware' the sourcc'of *76% of all 1st tier procurement. Yet their ccnibined 
net" loss through subcontracting amounted to only 1.25% of their original prloe 
awards. It would appear that just as the loss of one state in a region tends to 
be matched by the gain in another, the loss by one of the major centers of prime 
contract activity (Pacific) is matched by the gain of another (New England). As a 
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result, approximately 3/k of all NASA procurement is confined to a three region 
(6 state) geographic area. 

The reasons underlying the absence of a significant dollar redistribution 
can be understood best by considering the procurement patterns at each level of 
subcontracting. The remainder of this Chapter and Chapter 4 will be concerned 
with providing the appropriate reasons. However, for the moment it will suffice 
to summarize them as follows: (a) the different research and technical sophis- 

tication of the work performed at each level, (b) the nature of the industrial 
-emphasis of the work, (c) the-ability of the Northeast and Pacific areas to 
provide the various degrees of technical sophistication in the Industries involved 
at each level of procurement. - " - " - 

iL;: rr- — B. First and Second Tier Subcontract Ratios --- - 

A necessary first step in analyzing the distribution effects of the individual 
.subcontract programs is to ascertain thes ize of total procurement at each level. 
_For.±h.i-S purpose.,, .the. concept of subcontract ratios will be employed. These ratios 
represent the total dollar value of Mst or 2nd tie_r:Subcontract .awards for a- given 
.time period divided by the total dollar vajue of pr ime,.or-l-st tier awards re- 
spectively for the same or a lagged time period. In other words, the subcontract 
ratio is a way of expressing the dollar value of prime or 1st tier activities per- 
formed outside the contractor's plant. 

J The question of appropriate time lags between a contract award and the result- 

- ing subcontracts can significantly affect the size and stability of the ratios. 

The time periods chosen for this study are the same as the numerator for 1st tier 
ratijos and lagged 1 year for 2nd tier. .The rationale for such a choice is the in- 
creased stability of the respective ratios when these, as opposed to alternative tim 
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perlods, were exanlned. Table 3 provides subcontract ratios on a fiscal year 
basis for the 1st and 2nd tier subcontract levels using no time lag, a 6 month and 
a 1 year lag. In order to obtain consistent subcontract reporting for each fiscal 
year, it was necessary to concentrate on the subcontracts awarded under the 15 
prime contracts receiving the largest cumulative awards. These prime contracts 
were the source of 79% of all 1st tier subcontracts, and the recipients of these 
1st tier awards let 76,4% of all 2nd tier subcontracts. 

Turning to the 1st tier subcontract ratio, it may be concluded that the major 
role of research, design, development and testing functions of NASA prime con- 
tractors places a greater emphasis on "in-house" production than generally exists 
for the less R & D oriented Department of Defense prime contract awards. It is 

commonly felt that a 50% subcontract ratio is characteristic of total DOD 1st 
19/ 

tier procure ment . — Howe ver, for the period fiscal 1963 through fiscal 1966, 

the 1st tier subcontract ratio for the top 15 NASA price contracts was 34%. The 

addition of the remaining NASA primes included in the present study had virtually 

no affect. The ratio was reduced to 32%. 

To some degree, each of the top 15 NASA prime contracts involves the pro- 

20 / 

curement of what may be referred to as total space systems. — As Peck and Scherer 
point out, primes of this nature involve the procurement of research, design, and 


19/ 

— See M. J, Peck & F. M. Scherer, The Weapons Acquisition Process: / .n 

Economic Analysis . Harvard University, Boston, 1962, p. 3iJ6; Roger E. Bolton, 
Defense Purchases and Regional Growth . Brookings Institution, Washington, D.C., 
1966, p. 65; and li. L. Weidenbaum, ''Problems of Adjustnent for the Defense 
Industry," Dlsarcaoent and the Economy . Emile Benoit and Kenneth E. Bouldlng 
(editors), Harper 4 Row, N. Y., 1963, p. 73. 

20 / 

Although each of the 15 prime contracts Is involved in a complete space 
system, the scope varies from the highly complex and extensive Gemini and Apollo 
programs to the J2 and F-1 rocket engine systems for the Saturn V Rocket Vehicle. 
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table 3 


SUBCOKTRACT RATIOS V^ITK VARIOUS TB-IE LAGS 

First Tier Subcrntract Ratios 
(expressed as a percent oi’ prljne awsirds) 


Prliae Contrac* 
Time period c-/ 


First 

Fiscei 196'^ 


Tier 

Fiscal 


Time Periods 
Fiscal 19^3 Flscal'~i't-^ 


No Time Lag 


29.03 


38. 1;? 30.27 37.15 


Six Month Lag 

62,85 

46.76 

26.62 

38.86 

One Year Lag 

139.62 

106.47 

42.85 

31.34 


Second 

Tier 

Subcontract 

Ratios ■ 


(expressed 

as a percent of 1st tier awards) 

First Tier 
Time Periods-' 

Second 

Tier 

Time 

Periods 

Fiscal 19&3 Fiscal 19b^ 

fiscal 1 

965 Fiscal 1966 

No Time Lag 

9.52 

ai.oo 

16.63 

13.04 

Six Month Lag 

19.03 

15.16 

21.70 

15.31 

One Year Lag 

— . 

20.86 

20.84 

18.10 

2/ ) 

Source; ) 

see attached sheet 
Notes on fol lowing page 
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1 / 

The prime contract time period indicates what period of time was 
used for the cumulative prime awards (the dentaainator for each 
ratio). No tias lag means that the cumulative 1st tier airards for 
a given year were divided by the cumulative prime as^ards for the 
sane year. Correspondingly, a six month lag means that the cumula- 
tive prime awards were for a one year period which was lagged by 
six months. For example, the fiscal year 1963 subcontract ratio 
of 62,85/5 was the result of dividing cumulative 1st tier awards for 
the period July 1, 1962, to June 30, 19^3j hy cumulative prime awards 
for the period January 1, 1952, to January 1, 1963. Following the 
same procedure, the one year lag is self explanatory. 


£/ 

See the explanation of time lags in footnote 1, The only difference 
is that cumulative 2nd tier awards becone the numerator and cumula- 
tive 1st tier m/ards are the denominator. No I963 ratio is possible 
due to the lack of 1st tier data for the time period July 1, I96I, to 
June 30, 1962, 


Source; All prime sfvrards were taken from NASA Active Prime Contracts 
Listed Alphabetically by Contractor (Series E-19). All sub- 
contract awards were tabulated on the basis of MSA subcon- 
tract reports. 
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2X1 

coordination services as much as the final hardware Items. — In the relatively 
more complex and untried areas of space exploration, the emphasis on these 
services becomes even more acute. 

The R & D and coordination activities are generally performed by the 
scientific, engineering, and technical staff of the prime contractor, and thereby 
require substantially greater *'ln-house" expenditures than in situations where 
fabrication alone is the primary emphasis. In light of this situation, it is 
interesting to note that the post-Korean Uar emphasis of Department of Defense 
procurement on more technically complex weapon systems, especially aircraft and 
missiles, has been associated with a reduction in the subcontract ratio. The 
ratio fell fronts?. 7% in the last six months of 1956 to 51.3% in the first six 
months of 1959.—^ 

Although a greater, emphasis on R t D is instrumental in bringing about a 
lower subcontract ratio, it is not the sole determinant. There is considerable 
evidence to support the idea that the subcontract ratio is inversely related 
to the prime contractor's -"in-house" capability, and the amount of support work 
for his project which .is contracted for under separate prime awards. 

It is reasonable to assume that each of the top 15 NASA prime contracts 
involves extensive R_& D effort and therefore should possess similar subcontract 
ratios. - Yet the iirdivldual ratios do not support this. They vary from 3.2% to 
60.3%. A closer examination reveals 3 distinct subranges of stability: 

• • ' 1. AO - 60% 

2. 15 - 25% 

3. 5 - 10% 


21 / 

— Peck & Scherer, op. cit ., p. 114. 


— Ibid, p. 151 
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As will be discussed core fully in Chapter 5, each of these subranges Is 

associated with different prime contract functions. The variation within each 

range is primarily due to differences in “in-house" capability and the amount of 

23 / 

support work provided under separate prime awards. — 

The role of work type relative to "In-house" capability In determining the 
size of the subcontract ratio Is best illustrated by examining the sub ratio of 
the 1st tier contractors. For the period fiscal 1963 through fiscal 1966, 20% 
of the 1st tier awards were subcontracted. 

The significantly lower 2nd tier subcontract ratio is primarily attributed 
to two factors: a. The 1st tier contractors are generally engaged in the same 

type of preliminary research and development work as the prime contractors. 
Consequently, a large share of their award is earmarked for internal scientific, 
technical and managerial personnel, b. Although the 1st tier projects require 
large scale R & D effort, they are more geared to the firm's specialized capability 
and are less extensive In scope than the complete space system projects at the 
prime level. As a result, the more expensive subsystem and large part fabrication 
procurement is not necessary. 


^/The lower sub ratio of the Apollo program is a case in point. The Apollo, 
Gemini and Lunar Excersion Ilodule (LHI-l) awarcs involve basically the same prime 
function. However, the more diversified "in-house ‘ capabilities of Worth American 
relative to McDonnell and Grumman and the separate prime awards for Apollo support 
work and the life support subsystem meant that less of the Apollo prime awards 
needed to be spent outside of the firm. The comparative sub ratios are il- 
lustrative of this difference; 

Apollo = 37.3?r 
Gemini » 54.5% 

LEM = 56.7% 

Vhen the value of the separately produced Apollo subsystems was added to the prime 
and subcontract awards (of Apollo prime 9-150), the subcontract ratio rose to a 
more representative 50% level. 
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It should be pointed out that the lower 2 nd tier subcontract ratio is also 
partly a function of certain data limitations discussed in Chapter 2. The two 
iTOst important ones are the less reliable 2 nd tier reporting and the reporting 
cut-offs- Although data is not- avai table, it is reasonable to assume that the 
smaller and less complex 2 nd tier activities would lead to proportionately more 
awards of less than $10, GOO. 

The wide fluctuation In subcontract ratios between primes raises the question 
of how the total 1st tier subcontract ratio can remain constant over time (see Table 
3). An examination of subcontract ratios by fiscal year for each of the top 15 
primes suggests two possible answers; (a) those primes which dominate subcontract 
procurement have nmre stable ratios, and (b) the instability caused by project 
time phasing tends to cancel out in the aggregate. 

Table k reveals that the greatest subcontract ratio stability is demonstrated 
by prime contracts 9-150, SNP-1 , 7-200, 8-S603 and 8-5604 while the most unstable 
ratios'are associated with contracts 9-170, 9-1100, 8-5608 and 8-4016, At the 
same time, each group's share of total 1 st tier awards let is 30 ;S% and 27 . £% * 
respectively. ^ As a result, the total 1st tier subcontract-ratio for a~glven 
time period is more influenced by* the procurement activities of the stable group. 

However, the difference in the role played by each group is not enough to 
totally account for the general stability of the overall 1 st tier subcontract 
ratio. An additional factor is the counter-balanced time phasing of the major 
awards under— eaeh -prime- e-ontract. — Refer-ring-once again to Table 4, it will be 


24/ 

The figures are the result of the author's calculations from the prime 
and 1st tier subcontract date described in Chapter 2, 
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table h 


SUECOira^ACT MTIOS BY FISCAL rSA^R FOR 'IHE TOP 15 PRIME CONTRACTORS 


prime Contract Tljne period 


number 

Fiscal 19c 

< fiscal 19 b^ 

fiscal 19 t> 

fiscal lyco 

9 -lTO 

67.60 

60.26 

40,02 

24.76 

9-1100 

6.07 

84.19 

50.33 

67.25 

9-150 

41.53 

35.68 

35.02 

40.49 

7 -lCO 

47.02 

74.09 

58.92 

74.38 

SHP -1 

62.13 

59.97 

63.21 - - 

63.99 

_ 8-5608 

: . 5.86 

24.97 

9.08 

18.66 

- 8-lvOl6 

5.83 

- 4.04 

38.55 -- 

24 .. 27 

--- 7-1 

_r . 8.68 

- - 2.07 . 

— T. 

— 

- 7-101 

25,26 

11.65 

8.65 

- 11.74 

- 7-200 

- 18.09 

--24.85 

16.95 ■ : 

- 12.57 

---3-3232 


r --- z -- : -- 

- 7.10 

= :z 8.47 

W-16 

.. ,, 16 . 64 

22,41 

5.27 ' 

“'-3.71 

.^ 3 - 5601 ; 

. - 25.25 . . 

. -29.62..- 

. 22.74 - - - 

12'. 85 

8-19 

17.82 - 

7.85 

' 7.73 • 

T.21 

_- 8-5603 

--t'- 24-.91 - ' 

21.72 

13.86 -- 

16. 42 

Source: All prime 

contract awards were 

taken from NASA 

. Active Prime 

- 

Contracts 

Listed Alphabetically 

• By Contractor 

(Series E- 19 J. 


All subcontract aifards were tabulated on the basis of NASA 
1st tier subcontract reports, 

- 


- 37 > 


noticed that in each fiscal year those prime contracts which subcontract a larger 

than normal share are counter-balanced by those which subcontract to a lesser 

, 25 / 

extent than norDal,— * On this basis it is further concluded that the degree of 
variation In the total subcontract ratio is a function of the extent to which 
this counter-balancing effect takes place. The larger ratios for fiscal 1964 and 
1966 are a case In point. The significantly higher subcontract ratios of 9-1100, 

8- 5608, 7-100 and 7-101 were not completely matched by proportionately lower 
ratios for other prime contracts. 

Turning to the individual prime contracts , it may be concluded that the sta- 
bility of their subcontract ratios is a function of their emphasis on subsystem 
procurement and a difference in the size of subsystems Involved. Those prime 
contracts which are least Involved in subsystem procurement generally maintain 
more stable subcontract ratios. The greater the emphasis on subsystem procurement, 
the more dependent the total subcontract figure becomes on the awards for a few 
projects. As a result, any sudden changes in the funding of these projects has 
a major affect on the subcontract ratio. Tlie relatively more stable subcontract 
ratios of prime contracts 7-200, 8-5603. and 8-5604 compared to those of 9-170, 

9- 1100 and 8-5603 provide empirical support (see Table 4). The latter group is 
characterized by large subsystem procurement while the former Is associated with 
more conventional part fabrication and component awards. The more stable 2nd 
tier subcontract ratios also support this line of reasoning. Because the 2nd 
tier procurement level is primarily Involved in non-subsystem work, there is less 
likelihood that the time phasing activities of a small group of contracts will 
significantly Influence the total subcontracting pattern. 


The "normal subcontract ratio is that which exists for the prime con- 
'■.vact for the entire four year time period (see Table 24). 
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3 


The stable sub ratios of prime contracts 9-15J and SKP-1 suggest that for 

those prime contracts engaged in subsystem procurement, the degree of sub ratio 

stability is a function of the size of the subsystems involved. In the case of 

SNP-1 a single, highly complex subsystem is. involved, which, by virtue of its 

/ 

scope and experimental nature, requires large and continuous funding . — ’ As a 
result, the yearly outlays by the prime contractor are closely tied to the prime 
contract obligations. For contract 9-150 the sub ratio stability is tied to the 
dominant role played by four large subsystems..?Z/ - As of June 30, 1966, each sub- 
-• system -had received cimiulative awards of between 65‘and 92 million dollars. The 
~9-170’and 9-1100“prime contracts also involved large scale subsystem procurement, 
-but no single project reached the 65 to 90 million "dollar "level. Both contracts 
were characterized by a greater number of smaller "scale subsystems which are less 
- likely to-requlre extended funding periods.- As a result, their sub ratios reflect 
"the'erratic time phasing of these projects. -This is especially obvious for 9-170 
wfiere-the major portion of subsystem funding"occurred:ln:flscal~1963 and 1964 

--(see-Table 4). s . , v ; i= : 

With an u a de rstandlng of the size of procurement at each level of sub- 
contracting, we have a clearer insight Into wtiy the net total procurement pattern 
is not significantly different from the originai prime award' distribution. It is 
not surprising_to find a lack of change when we_ realize that 2/ 3rds of the original 
prime awards remain "in-house*‘; However, it is reasonable" Eo expect a greater 
change than exists. The l/3rd subcontract share is low but not totally in- 
si'”iificant. For an answer to why this is the case, it is heCessary to turn to 


26/ 

This subsystem calls for the research, design, development, fabrication 
"-li testing of an atomic reactor system for the i.'ERVA nuclear powered rocket engine. 

27 / 

These four include: 1. A Service llodule Propulsion .lotor 2. Teie- 

comraunt cat Ions and Data Subsystem 3. Stabilization and Control System 4. Fuel 
Cell Power Plant. 
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an analysis of Che Individual geo<*raphic distribution patterns of 1st and 2nd 
tier procurement. 


C. Sources of Subcontract Procurement 
Before turning actention to the individual subcontract patterns, it should 
be recognized that the subcontract distribution at both levels is basically 
determined by the actions of those prime contracts involving what was referred 
to above as total system procurement. Here, the prime contractor functions as 
the fabricator and coordinator of a highly complex hardware item (spacecraft, 
rocket booster or rocket engine) and appropriate ground support (communication 
network, as well as the construction of testing and fabrication facilities) . 

The extent and complexity of these projects means that required subsystems, 
large part fabrication and facility construction are often beyond the contractor’s 
present capability or capacity.—^ To supply these items, he must therefore rely 
on the capabilities of other firms in the associated Industrial areas. The scope 
and experimental nature of the subcontracts require large dollar outlays ranging 
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Examples of subcontracted Items are: 

1. Subsystems - Stabilization and control systems, landing systems 
communication systems, abort systems, fuel ceil power systems and life support 
systems. 

2. Part fabrication -• Ascent and descent engines, oxygen and hydrogen 
pressure valves and regulators, oblative heat shields, propellent tanks and feed 
network and thrust chamber asserablies. 

3. Facilities - Simulator trainers, test stand construction, ground 
equipment and fuel servicing devices. 

It 1$ also necessary to point out that other reasons than lack of 
ca.'.-’bility or capacity Influence the decision to subcontract: 

1. Lower cost 2. Desire to hedge against program cut-backs or 
ccr plate scrapping. 3. NASA's influence on the subcontract program. 
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from $10 nillion for a thrust chaoiber to $291 million for the Surveyor Space- 

29/ 

craft. The sheer size of these outlays quite obviously exerts a significant 
influence on the distribution of 1st tier awards.—^ The bottom figure in each 
cell of the "From - To" matrix in Appendix Table 1 clearly reveals Che role 
played by New York, Miss our i and California as the major sources of 1st tier 
awards. Each of the three states is a recipient of one (Missouri and New York) 
or more space system prime contracts. California receives three of the largest 
system awards and is the unquestioned leading source of 1st tier procurement. 

" ” This same relations.iip holds at the 2nd tier level. Those contractors re- 
ceiving awards' for one or more major 1st tier project become the principal sources 

3 ’/ 

of 2nd tier procurement. The Increased role (compared to 1st tier, procurement) 
of Connecticut ?fassachuseCts , Florida, Iowa, and Pennsylvania as sources of 2nd 
tier awards lends support to this argument (sea Appendix Table 2). One or more 
large 1st tier p'ro-ject was performed within each of these states. 

ft' is- dear that the thain of influence extends from the space system prime 
contractors to theix associated 2nd tier contractors. Consequently, It may be 
said that fox ^ufpCTse^ -of- 'regional economic analysis J -the cY spreading effect" of 
NASA subcontract procurement is generally confined to the- space system prime 
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These figures were calculated by the author from the 1st tier sub- 
contract date described in Chapter 2. The sub projects are associated with prime 
contracts 9-llCO and 7-100 respectively. 

30/ - ■ ■ -- ---- 

— The extent of the Influence exerted by various subcontract categories 
•*‘Il be discussed in Chapter 4. — 

31/ ... - 

Because of data limitations discussed in Chapter 2, it is impossible to 
?ir»V 2nd tier at;ards with a specific 1st tier contractor. It was assumed that 
Lb" major portion of 2nd tier awards let from a given state were the result of 
contracting by the recipients of large 1st tier projects. 


contracts. For all others, the reduced scale of individual subcontract activities, 
the smaller subcontract ratio, and Che tendency towards increased home area pro- 
curement (to be dlsc issed in Chapter 4) indicate that their economic Impact is 
relatively insignificant and more confined Co the home state or region. 

D. The Geographic Distribution of Subcontract At/ards 

In light of the fact that all of wASA's space system prime contracts are 
included In the present study, it may be generalized that cne 1st tier subcontract 
awards provide a greater geographic spread and less geographic concentration than 
exists at the prime contract level. The 28 states plus D.C. which participated 
at the prime level were Increased by an additional 19 states after 1st tier 
contracts were considered (see Tables 5 and 5). Only North Dakota and VJyociing 
failed to receive a share of awards at any level of procurement. With regard to 
the change in concentration, the top IG states received 96.0% and 85.6% of the 
prime and 1st tier awards respectively. Extending the coverage to the top 20 
states merely reduces the size of the differential from 10.4% to 2.7%. 

Second tier procurement also involves a greater geographic 'spread of concen- 
tration than at the prime contract level. Hov/ever, the difference is not as 
great as between the prime and 1st tier levels. The number of participating 
states drops to 44 without D.C. and the top 10 state concentration increases to 
89'5' as co.'r,*.:.’d to 86% at the 1st tier level (see Table 6). In other words, the 
..■'creaoed spreading and reduced concentration effects of subcontract procurement 
r>t:''ur primarily at the 1st tier level. This has ominous implications for those 
c-vhr.'i which were not able to attract awards at either the prime or 1st tier 
1-. ‘.‘s. Once the prime and 1st tier awards are distributed, the chances of 
V •••• ‘.k clpatlon at lower levels of procurement become progressively less likely. 


TABLE 5 


DISTRIBUTION OP SAIIPLE PELIE CE:TRACT AWARDS BY STATE 
(ranked by share of total awards) 


Receiving 

State 

Rank 

Share of 
Total Awards 

Cumulative 

Share 

Calif 

1 

59.4^ 

~ 59.45 

La 

2 

9.85 

69.30 

I^Y 

3 

8.40 

77.70 

Mo 

U 

6.05 

83.75 

Ala 

5 

3.50 

87.25 

Fla 

6 

2.49 

89.74 

Wise 

' ■ 7 

1.94 

91.68 

Tex 

8 ■ 

1.74 

93.42 

iIJ 

9 

1.44 

94.86 

Wash 

10 

1.13 

95-99 

Md 

11 - 

.83 

96.87 

pa 

12 

.84 

97.71 

D.C. 

■ - 13 

.69 

98.40 

Ma^s 

l4 

",52 

98.92 

Conn - 

: * 15 - 

-.29 

99.21 

Ohio . 

16 

.28 

99*49 

Colo _ . 

1.:- 17 

1-»12 

99.61 

Ga 

. 18 

.08 

99.: 69 

Ariz 

■ 19 ‘ 

.06 

99.75 

Okla 1 

*- 20 - 

*".04 1 

99.-79 

Miss - 

21 

.04 

99,83 

Va 

22 ' 

.04 1- 

99.87 

111 

23 

.04 

99.91 

Minn _ 

24 ; 

.03 

99.94 

N.M. 

25 

.02 . -• 

99.96 

Iowa 

26 

" .01 

99.97 

Ind 

- 27 

.01 

99.98 

Mich 1 

.1- 28 - . 

.01 

99.-99 

Del 

29 


100 .-CO 


- - 

' 

' 



» * 



* = less than ,01*i 
Source; Table 2 column 3 
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TABI£ 6 

DISTRIBUnO.'T OF FIRST AIID SECOMD TIER SUBCOIITRACT AWARDS BY STATE 
(ranked by share of total awards) 




Share of 
Total 1st 


Receiving 

State 

Rank 

Tier Awards 

Calif 

1 

45.14 

NY 

2 

7.46 

pa 

3 

6.84 

Mass 

4 

5.72 

Fla 

5 

4,50 

Minn 

6 

4.08 

Conn 

7 

3-80 

NJ 

8 

3.28 

Iowa 

9 

2.93 

Ala 

10 

2,10 

Ohio 

11 

1,98 

Md 

12 

1.43 

111 

13 

_1.30 

Ariz 

14 

1.24 

La 

15 

1.15 

Tex 

l6 

1.01 

Colo 

IT 

.91 

Mo 

18 

.78 

Mich 

19 

- - .74 

Ind 

20 

.72 

Miss 

21 

-- ,66 

Okla 

22 

.31 

V/ash 

23 

.27 

Va 

24 

.24 

Vt 

25 

.18 

Wise 

26 

• .16 

Utah 

27 

.14 

RI 

28 

.14 

13M 

29 

.14 

Kan 

30 

.12 

Ga 

31 

.09 

Tenn 

32 

.07 

D.C. 

33 

.07 

Ore 

34 

.05 

W.Va 

35 

.05 

Del 

36 

.05 

i:c 

37 

.04 


38 

.04 

Ark 

39 

.02 

icy 

4o 

.01 


Cumulative 

Share 

(ro 

Receiving 

State 

52.60 

Calif 

KY 

59.44 

pa 

65 . 16 

Mass 

69.66 

Ohio 

73.74 

Conn 

77.54 

Mich 

QO .82 

Fla 

83.75 

Tex 

85.35 

NJ 

87.83 

Wise 

89.26 

La 

90.56 

Ariz 

91.80 

Minn 

92.95 

Ind 

93.96 

111 

94,87 

Colo 

95.65 

Okla 

96 . 39 - 

KC- 

97.11 

Wash 

97.77 

Md 

98.08 

Vt 

93.35 

Va 

98.59 

Ore 

98.77 

lavra 

93.93 

Ale 

99.07 

Mo 

99.21 

M 

99.35 

Term 

99.47 

Kan 

99.56 

Nev 

99.63 

HH 

99.70 

Idaho 

99.75 

Hiss 

99.30 

Me 

99.85 

Ga 

99. 39 

Ark 

99.93 


99.95 

Utah 

99,96 

RI 


Rank 

Share of 
Total 2nd 
Tier Awards 

(I'O 

Cumulative 

Share 

(ro 

1 

40.62 


2 

14.53 

55.15 

3 

8.18 

63.33 

4 

5.75 

69 . C 8 

5 

5.49 

74,57 

“6 

3.75 

78.32 

T ' 

3.37 

81.69 

8‘ 

2.72 

84.41 

9 '■ 

2.53 

86.94 

10 

2.13 

89.07 

11 

1.70 

90 . T7 

12 

1.50 

92.27 

13 

1.42 

93.69 

l4 

1.01 

94.70 

15 

1.00 

95.70 

16 

.77 

96.47 

17 

.61 

97,08 

18 

.37 

97.45 

19 

.28 .. 

97.73-. - 

20 

.26 

97.99 

21 

.24 

98.23 

22 

.23 

98.66 

23 

.20 

98.66 

24 

.19 

98.85 

25 

.18 

99.03 

26 

.16 

99.19 

27 

.13 

99.32 

28 ' 

.10 

99.42 

29 

.09 

99.51 

30 

.08 

99.59 

31 

.06 

99.65 

32 

.06 

99.71 

33 

.05 

99.76 

34 

.04 

99-30 

35 

.04 

99.64 

36 

.03 

99.63 

37 

.03 

99.66 

38 

,02 

99.63 

39 

.01 

99.39 

40 

,ox 

99.90 
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Table 6 (cont. ) 


Receiving 

State 

RerJi 

Share of 
Total 1st 
Tier Awards 

Cumulative 

Share 

(r>) 

Rec eivlng 
State 

Rank 

Share of 
Total 2nd 
Tier Awards 

Cumulative 

(1) 

:;eb 

hi 


.01 

99.97 

Neb 

4l 

.01 

99.91 

:icv 

If2 


* 


W.Va 

42 

.01 

99.92 

sc 

k3 


# 


SC 

43 

.01 

99.93 

SD 



* 


Del 

4h 

* 


Idaho 

h3 


# 


HD 


0 


Mont 

h6 


* 


SD 


0 


Me 

47 


'it 


D.C. 


0 





0 


Mont 


0 


Vy 

— - 



0 

— 

Wy 


0 



* = less than .01 ^ - 

Source: NASA 1st and 2nd tier subcontract reports for the period • . 

- January 1, 196&> ^o June 3©j- 1966.— 
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Although data arenot available for procurement at the 3rd and lower tiers, it is 
reasonable to assume that the change between the 1st and 2nd tier levels will be 
maintained. When this relationship is viewed in terms of the added drop in sub- 
contract ratios between 1st and 2nd tier subcontracting, the prime and 1st tier 
distributions take on added importance in determining the net total procurement 
distribution. 

By examining the reasons underlying the Increased 2nd tier concentration, it 
is possible to bring to light two factors which are Instrumental in determining 
the geographic distribution at both levels of subcontract procurement. These 
factors are a general tendency to subcontract in the home area and the ability of 
certain areas, by virtue of their particular industrial capabilities, to attract 
a_ large share of 1st and 2nd tier awards from other areas. The latter factor will 
be treated below in the discussion of “complex'’ areas. At present, the role of 
home procurement will be examined. 

The more important role of home procurement at the 2nd tier level" is confirmed 
by the "From - To" oatricies in Tables 7 and 3. With the exception of the West 
North Central and Mountain regions, 35 to 71% of a region's 2nd tier awards 
originated within its own boundaries. For 1st tier subcontracts, only the East 
South Central, West South Central and Pacific regions relied that heavily on home 
procurement . 

Why home procurement is more important for 2nd tier subcontracting will be 
explored in Chapter 4. For now it will suffice to say that there is a difference 
in the nature of work performed. Over 50% of all 1st tier dollar awards involves 
highly complex activities requiring sophisticated technical and research capability. 
On the other hand, 2nd tier awards are generally confined to smaller, less so- 
phisticated activities requiring designs and capabilities which are more easily 
met by products manufactured for general industrial consumption. As a result. 
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TAIXLK 7 


yiHiyv TiiAi mil A 


iixucom'UAc'iv, "PiiOM - MA'J Hix lucoiow l/ 



H 41 1 u n iJ H 1 ? 

' « 1 V t n R F 1 

r t T 1 r A 

V 11 r d 0 { 

To** 

li< ;'lono LoLtlilf^ 



VUwt 

WcLI t 


Kuo t 

W<jo t 



FI ra t T1 r Ai/fi rti a 


Mlildiu 

Worth 

North 

Coulh 

Uuuth 

IkJU til 




mnl 

Ail nn tic 

Cl irul 

C'«nitrnl. 

Atlnrtilc 

Cc'nt.rn 1 

Con irnl 

Muunt.nl 11 

l*ne 1 1'lr 

Wcw liiti' Umd 

i?6.3 

25.5 

13.0 

4.9 

17.7 

.3 

•2 

.9 

10.4 


.9 

.5 

1.0 

.2 

1.0 

* 

* 

,1 

.1 

Middle At Ian tie” , 

20.9 

33.1 

3.4 , 

2.1 

3.9 

..3 


1.3 



34.0 

31.0 

11.5 

4.4 

10.1 

1.9 

5.7 

9.0 

12.3 

North 


22.2 1 

15.0 

.5 

1.3 

•3 1 

.1 

.1 

23.0 

Central 

7.4 

2.5 

6,0 

,1 

.4 

.2 

.1 

,1 

1.0 

V/c*st North 

9.B 

12.5 

2.9 i 

7.1 

23. 

* 

•5 

2.8 


Central 

10.1 

7.2 

5.9 

9.2 

37.1 

.1 ' 

2.2 

11.7 

9.1 

South Atlantic ' 

5.0 

7.0 

5.3 ! 

3.9 

34.9 

5870“ 

3.4 

.8 

20.0 


1.6 

1.4 

3.5 

1.6 

17.5 ' 

21.5 

4.4 

1.1 ' 

1.4 

East South 


o 

3.7 

2.1 

3.5 

52.7 

7.1 

; -4 

19.9 

Central 

.9 

.9 

1.8 

.6 

1.3 

43.9 

6.8 

.4 

1.0 

West South 

3.7 

5.6 

9.3 

6.7 

11.3 


‘21.9 

1.4 

32.4 

Central 

2.4 

2.1 

12.1 

5.4 

11.2 

i6.9 

56.6 

3.6 

4.6 

Mountain 

3.0 

5.2 

1.2 

.0 

21.9 

0 

0 

51.1 

, 17.5 


♦ 

* 

* 

0 

.3 

0 

0 

1.6 

« 

Pacific 1 

7.0 

l6T? 

4.8 

10.5 

2.3 

.7 

1.0 

3.0 

'"54.4' 


41.8 

54.3 

58.1 

78.5 

21.1 

15.5 

24.2 

72.3 

70.4 





















j ^ frcift 

.4 

16.5 

: 1.9 

10.2 

3.3 

2.4 

6.5 

.1 

58.9 

t i to 

9.9 

17.6 

4.9 



6.3 

2.9 

2.4 

2.3 

45.5 


"Frcm" 


* = lees than .0’^ 

^ The top figures in each cell represent the percent of all 1st tier subcontracts originating in the 

region (row) irhich are received by the "To“ region (column). For example, 20,9^ of all 1st tier subcon- 
tracts, let by the Middle Atlantic region (’’Frcm” region) were received by the New j^gland region ("To" 
regi,on)rt Tlie bottom f Igui'e in each cell represents thjj percent, of alllst tier subcontracts recei^^ 
the "To rogioa (coliaan)^- which'. originated, in the. Frur^ region (row;. ^r exoiaple, of all Ist tier 

subccnti'ncts received by the How England region originated in the Middle Atlantic region. 

The figures in the TOTAL row represent the ncrcont, of nil 1st tier subcon tr^ta Soming "F>;om" and "To'' the 
rt pfions in each column. For example, the West North Central x'cgion let 10.^ and received 7.9> of all lot 
tier subcontracts. 

Source: U.uS.T 1st tier subcontract reports for the period January 1, 1962, to June 30> 1966. 
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- ' TABLE 8 

I » 

SECOND TIER NASA SUBCONTRACTS "FROM-TO" MATRIX BY REGION — 


Regions Letting 
Second Tier Awards 
("From" Regions) 

R 

iew 

ilngland 

> g i o n 8 

Middle 

Atlantic 

R e c 
East 
North 
Central 

> i V i n £ 
West 
North 
Central 

; Sec 

South 

Atlantic 

) n d 1 

East 
South 
Central 

: i e r 
West 

South ' 

Central 

Awards 
Mountain j 

("To "Regions) 
pacific 

New England 

36.1 

26.6 

21.1 

.6 

1.6 

.3 ^ 

2.2 

2.8 

8.7 

43.6 

12.8 

20.4 

5.2 

5.4 

10.3 

5.9 

l 4.8 

2.5 

I'iiddie Atlantic 

3.6 

5£>.4 

11.1 

.2 

.6 

.1 

4.1 

■ 5 

13.3 


9-7 

70,8 

23.9 

3-6 

4.8 

13.2 

24.2 

5.6 

8.6 

East North 

2.7 

5.6 

Co.ti 

.h 

.6 

.5 

2.3 

* 

7.4 

Cen tral 

1,5 

1.0 

35.7 

3.2 

1.2 

9.1 

2.8 

.1 

1.0 

V/cst North 

iOTo 

873 

2.9 

7 ^ 3.8 

10.5 

.1 

3.2 

4.8 

“ 4 U .4 

Cen tral 

12.6 

2.3 

1.6 

18.3 

20.4 

2.8 

4.9 

14.7 

8.1 

South Atlantic 

4.2 

1873 

4,6 

4.1 1 

■ 24.6 

.1 

10.0 

.4 

34.2 


3.1 

5.3 

2.7 

21,3 

49.5 

3.6 

16.3 

1.3 

6,0 

East South 

9.0 ^ 

lC 4 1 

4.7 

' 0 

6.9 

22.3 

.4 

.9 

39.3 

Central 

’ .4 

.3 

.2 

0 

1.0 

35.9 

* 

.2 

.5 

West South 

4.3 

.4 

.7 

575 

.1 

' 0 

8l.i 

.2 

7.0 

Central 

.8 

* 

.1 

8.1 

.1 

0 

34.7 

.2 

.3 

Moiuitain 

iy.2 

4.4 

5.8 

.7 

5 . 9 - 

0 

2.1 

14.8 

"TfTT 


5.5 

.5 

1.3 

: 1.5 

4.7 

0 

1.3 

18.5 

3.2 

Pocific 

^.1 ' 

4.7 

4 , 7 '^ 

1.5 

1.2 

.2 

1.2 

2.7 

TfTB 


22.8 

6.9 

14.2 

39.2 

13.0 

28.7 

: 9.7 

44.6 

69.7 

. . 

i 

j 

i - 

1 . 

1 . 

1 

f 

1 


T ^/ 

2 i f i-om 

A i to 

L 

t 

1 11.9 

i 26.4 

i 

5.5 

f r 

1 6.8 

E 

1 7.3 

i .5 

i 1-9 

i U.4 

t 

2.8 

36.8 

i 9.9 

1 24.8 

i 

12.4 

■ 1.4 

1 

3.4 

i 

2.3 

41.1 


* = leos tKan' '.'05? 
1 / 


region 

let by the 

ina 

'iter rn>mim.s. 

Source: NASA 2nd tier subcontract reports for the period January 1, 19^2, to June 30, 1986. 



2nd tier procurement Is less tied to the specialized capabilities of a particular 
area or firm and therefore can be performed equally as well by local producers. 
Consequently, nearness to market and transportation cost factors take on In- 
creased significance in de terming the geographic distribution of awards. 

The difference In home procurement is accompanied by a difference in geo- 
graphic emphasis, thereby suggesting that not only the complexity but also the 
industrial orientation of subcontract work differs according to the level of 
procurement. On the basis of net subcontract flews, It may be concluded that the 

New England and East North Central regions are the focal points of 1st and 2nd 

32 / 

tier subcontract flows respectively. — Both divisions are important recipients 
at each level of procurement. However, there is a definite change in emphasis 
from one to Che other as the individual subcontract levels are considered. 

A comparison of the two figures in each cell of the "Total*" row in Table 7 
clearly demonstrates that the net flow of 1st tier awards is from the Vest South 
Central and Pacific to the New England and East North Central regions, with 
major emphasis placed on New England. The New England region is the source of 
.42 and the recipient" of 9.8Z of all 1st tier dollar awards, while the Vest South 
Central and Pacific regions had net "export" positions of 6.52 and 58.92 "From" 
compared to 2.4% and 45-4% "To". This relationship is further confirmed by the 
comparative prime and 1st tier subcontract distributions in Tables 5 and 6, By 
virtue of the large 1st tier awards to Connecticut and Massachusetts, the Mew 
England region share has increased from 1.0% of prime awards to 9.8% of 1st tier 
procurement. In terns of rank, the New England region advanced from 8th to 3rd. 

32 / 

— To determine net flows, the value of subcontracts which flow from a 
division is deducted from the value received by it. These net ‘’‘import" and 
"export" positions provide the basis for determining the overall net flow. The 
subcontract flow is from those divisions with the largest net "export" positions 
to those which are the largest net "importers". 
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A net flow of 2nd tier awards to the Cast 'Torth Central region Is indicated 
by the comparative 'From - To" figures in Table S. The net "inporc" position of 
the East North Central is primarily the result of significantly increased pro- 
curement in Ohio, Michigan and Wisconsin. Thair combined shares of 1st and 2nd 
tier subcontracts respectively are 2.93: and 10.62. 

On the basis of the different geographical emphasis accompanying each level 
of procurement, it nay be concluded that the industrial emphasis of the subcontract 
activities also varies. It is generally accepted that the New England region is 
an area of electronics specialization, while the East North Central region Is more 
specialized in the metal, metal products, and industrial machinery industries. 

At the same time, the southern regions and the West North Central region do not 
possess an advantage in either area, although each is associated with aircraft 
capability. In fact the major primes in these areas, as well as all of the top 
15 space system primes, are performed by firms in the aircraft industry. In light 
of these observations, it would appear that a definite shift in industry emphasis 
accompanies each level of procurement. From the aircraft industry at the prime 
contract level the emphasis changes to the electronics and metal products 
industries for 1st and 2nd tier procurement respectively. Tills is statistically 
tested in Chapter 5 and found to have validity, although it is not proven con- 
clusively. 

Although the net flow figures are instrumental in reflecting the changing 
technical and industrial needs at different levels of procurement, they give a 
distorted picture of the geographic distribution of awards, by re-examing Tables 
5 and 6 with regard to the proportionate shares received by each state, It becomes 
clear that although the New England and East North Central regions demonstrate 
the most significant increase for 1st and 2nd tiers respectively, the Pacific 
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and Middle Atlantic regions are unquestionably the doninant recipients of awards 
at all levels of procureinent. 

Of the top 5 states receiving 1st and 2nd tier awards, California, Mew York, 
and Pennsylvania rank 1st, 2nd and 3rd respectively for both procurement levels. 
New Jersey, the only other Middle Atlantic state, ranks 8th for the 1st tier and 
10th for the 2nd tier distribution. The combined Middle Atlantic and Pacific 
share is 58% of all NASA prime awards and 63% and 65% of total 1st and 2nd tier 
dollars respectively. It Is apparently true that their combined share is not 
only dominant but Increases with each successively lower level of procurement. 

In addition, these figures remain fairly constant over time. Tables 9 and 10 
provide the state and region distributions of 1st and 2nd tier awards by fiscal 
year from 1963 through 1966. For 1st tier procurement, the combined share 
received by the Middle Atlantic and Pacific regions fluctuated within a narrow 
range of 59% to 68%. On the other hand, their combined 2nd tier share showed 
stability, but at two different levels. One level was approximately 53% and the 
other 72%. The reason for this peculiar relationship lies in the nature of 2nd 
tier procurement. Because 2nd tier subcontracts tend to cluster in the home 
area, the combined shares of the Middle Atlantic and Pacific regions were sig- 
nificantly higher in fiscal 1965 and 1966 when the two let 64.73% and bo. 79% of 
the total awards for each year respectively. In fiscal 1963 and 1964 no one area 
dominated as the source of awards (see Table 10 for comparative figures). Conse- 
quently, the awards were more evenly distributed. 

An understanding of the factors underlying the Middle Atlantic and Pacific 
positions provides an interesting conclusion which does much to explain the total 
subcontract distribution patterns. However, before presenting that conclusion 
it is necessary to examine the underlying factors. 
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TABLE 9 

DISTRIBUTION OF NASA FIRST TIER SUBCOUTRACT PRCCUREvEWT TO STATE AND REGION 

BY FISCAL YEAR 

(all figures are percent of total procurement) 


Receiving 
State or Region 

Fiscal 

1963 

Fiscal 

1964 

Fiscal 

1965 

Fiscal 

1966 

Conn 

5.25 

4.33 

1.59 

5.72 

Me 

.01 

0 

0 * 

0 

Mass 

1^.T9 

3.51 

5.62 

8.55 

NH 

.02 

.03 

.06 

.05 

RI 

.09 

.14 

.17 

.15 

vt 

.02 

.01 

.05 

.59 

NJ 

1.39 

3.50 

4.20 

3.35 

NY 

3.96 

4,77 

10.98 

6.81 

Pa 

7.59 

8.82 

5.19 

4.93 

111 

1.33 

1.06 

1.00 

1.74 

Ind 

.36 

1,16 

.59 

.81 

Mich 

' ' 1.43 

.53 

.71 

'.73 

Ohio 

1.79 

1.90 

2.71 

1.64 

Wise 

i .11 

.06 

- .17 

- .18 

Iowa 

1.20 

3.04 

2.05 

5.34 

Ken 

.21 

.30 

.02 

.03 

Minn 

7.13 

- 4.32 

■ 4.67 

2.53 

Mo 

.46 

1.32 

.54 

.79 

Neb 

0 

0 

.01 

■ .01 

K.D. 

0 

' 0 

0 

0 

S.D. 

0 

0 

0 

0 

Del 

0 

.08 

.09 

.01 

DC 

0 

.06 

.15 

.04 

Fla 

1.36 

7.21 

2.84 

1.62 

Ga 

.01 

.05 

.18 

- .08 

Md 

.99 

.90 

1.71 

1.12 

KC 

.01 

.03 

.04 

.04 

SC 

» 


.01 

“ 0 

Va 

.04 

.05 

.21 

.26 

W. Va 

.18 

0 

.02 

.03 

Ala 

.13 

.49 

1.76 

3.50 

Ky 

0 

.01 

.01 

.02 

Miss 

*. 

.14 

1.42 

.79 

Ark 

.03 

0 

.01 

.04 

La 

1,42 

1.54 

1.55 

.55 

Okla 

.33 

.32 

.35 

.09 

Tex 

.64 

.63 

1.38 

1.09 

Tenn 

.03 

.07 

.10 

.05 


I 
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Table 9 (coat.) 


Receiving 

Fiscal 

Fiscal 

Fiscal 

Fiscal 

State or Region 

1963 

1964 

1965 

1966 

Ariz 

1.25 

.70 

1.89 

1.01 

Colo 

1.10 

.85 

.82 

i;io 

Idaho 

0 

♦ 

0 


Mont 

0 

« 

■» 

0 

Nev 

.01 

0 

.01 

* 

H.M. 

.01 

.16 

.16 

.12 

Utah 

.23 

,04 

.16 

.21 

Wy 

0 

0 

0 

0 

Calif 

5^*.95 

47.53 

44.37 

43.87 

Ore 

.07 

.06 

.02 

.05 

Wash 

.08 

.29 

, ,34 

i V 

.27 

I7ew England 

10.18 

8.02 

if 

' 7.49 

15.06 

Middle Atlantic 

12. 9I* 

17.09 

20,37 

15.09 

East north Central 

5.02 

4.71 

5.18 

5.10 

West Worth Central 

9.00 

8.98 

7,29 

8.70 

South Atlantic 

2.59 

8.38 

5.25 

3.27 

East South Central 

.26 

.71 

3.29 

4.36 

West South Central 

2.42 

2.49 

3.29 

1.77 

Mountain 

2. 60 

1.75 

3.04 

2.44 

pacific 

55.10 

47.88 

44.73 

44.14 

* = less then .0155 


* 




Source; 1st tier subcontract reports for the appropriate time periods. 
The reported contracx date corresponds to the date the sub- 
contract (or mcdification) vas let. 


O 


4 
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'EABLB 10 


DISTRIBUTION OF NASA SECOND TIER SUHCOITTRACT PRCCUREI-IEIfT TO STATE AND REGION 

BY FISCAL YE;JI 

(all figureg are percent of total procurement) 


Receiving 
State or Regtcn 


Conn 

Me 

Mass 

NH 

RI 

Vt 

NJ 

NY 

pa 

111 

Ind 

Mich 

Ohio 

Wise 

leva 

Kan 

Minn 

Mo 

Neb 

ND- 

SD 

Del 

DC 

Fla 

Ga 

yd 

KC 

SC 

Va 

W.Va, 

Ala 

KY 

Miss 

Tenn 

Ark 

La 

Okla 

Tex 


Fiscal Fiscal 

1963 19 dI^ 


7.69 

3.19 

.07 

.04 

k . l 6 

9.24 

.07 

.06 

0 

0 

0 

.09 

1.80 

2.01 

4.17 

10.54 

8.05 

1.86 

2.15 

.79 

.43 

.79 

5.85 

3.89 

8.58 

12.18 

1.26 

.96 

0 

.50 

0 

.29 

2.64 

1.19 

.31. 

.03 .. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3.07 

3.3° • 

.22 

.01 

.44 

.20 

.14 

.22 

0 

0 " 

.05 

.13 

.07 

0 

.23 

.04 

0 

.o4 

.10 

,04 

.14 

.19 

.27 

0 

1.07 

2.96 

0 

1.62 

3.13 

2,02 


Fiscal Fiscal 

1965 1566 


4.19 

2.53 

0 

.07 

4.57 

5.42 

.05 

.06 

.03 

,01 

.02 

.69 

2. IT 

2,34 

27.12 

5.36 

16.38 

2.80 

.63 

.50 

.32 

2,24 

2.88 

2,83 

4.72 

-.73 

.48 

4.00 

.19 

0 

.02 

.01 

1.01 

.40 

. .18 

..OT 

.02 

.02 

0 

0 

0 ” 

0 

.01 

0 

0 

0 

1.98 

2,58 

0 

0 

.29 

..15 

.14 

.56 

0 

.02 

.12 

'.4o 

0 

.01 

.07 

.30 

0 

.01 

.04 

.01 

.05 

.08 

0 

.01 

1.85 

.19 

.04 

.01 

3.53 

1.48 


-54- 


Receiving 
State or Region 


Ariz 

Colo 

Idaho 

Mont 

Nev 

HM 

Utah 

Wy 

Calif 

Ore 

Wash 


New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain 
Pacific 


-Source; NASA 2nd 
periods, 
rr the subc 


Table 10 (Cont.) 


Fiscal 

1963 

Fiscal 

1964 

Fiscal 

1965 

Fiscal 

1966 

.07 

3.78 

.12 

1.81 

31 

.98 

.75 

.24 

0 

.06 

.10 

0 

0 

0 

0 

0 

.18 

.10 

,05 

0 

0 

0 

.11 

.19 

.06 

0 

0 

.03 

0 

0 

0 

0 

42.29 

36.33 

25.55 

61.30 

.90 

.25 

.09 

.03 

0 

0 

.12 

.46 

11.99 

12,62 

8,86 

8.78 

14.02 

14.41 

45.67 

10.50 

18.27 

18.61 

9.03 

10.35 

2.95 

2.01 

1.82 

.50 

3.99 

3.92 

2.54 

3.72 

.47 

.31 

.16 

.40 

4.47 

6,60 

5.42 

1.69 

.62 

4.92 

1.13 

2.27 

43.19 

36.58 

25.76 

61.79 






tier subcontract reports for the appropriate time 
The reported contract date corresponds to the date 
ntract (or modification) was let. 
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One factor is a greater tendency to procure in the home region. For com- 
parative purposes oily the Middle Atlantic, West North Central, West South Central 
and Pacific regions will be considered. Each possesses at least one space system 
prime contract which yields a subcontract sample comprehensive enough to give a 
true indication of the geographic emphasis. In addition, each project involves a 
similar emphasis on subsystem and large part fabrication procurement. As will be 
demonstrated In Chapter 5, the West South Central prime contracts involve less 
subsystem procurement than the others. However, the difference is not significant 
enough to disqualify the West South Central region for the present purpose. As 
Table 7 reveals, the Middle Atlantic and Pacific regions procure 1/3 and 1/2 
respectively of their 1st tier subcontracts within the home area, while the 'Jest 
North Central and West South Central home procurement amounts to only 1/6 and 1/5 
respectively. The importance of the large scale home procurement of the Pacific 
and Middle Atlantic is especially significant since the two 

divisions are the source of 75.4% of all 1st tier subcontracts. To put it another 
way, ^38% of all 1st. tier dollar awards in the present study went to these two 
regions as a result of their internal procurement. 

An additional reason for the major role played by the Pacific and Middle 
Atlantic regions Is their ability to attract subcontract awards from other areas 
and from each other. Once again the net flow figures are misleading, for al- 
though the roo divisions were net "exporters" of 1st tier awards to all areas 
totalled, they maintained a net "Import" position with other important subcontract 
sources, particularly the Mest North Central, South Atlantic and West South 
Central regions (see Table 7). This takes on special significance when It is 
realized that the total net export positions of the Pacific and Middle Atlantic 
were partly due to the fact that other regions, such as the East North Central 
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and New England, were underrepresented In the prime contract sample. Therefore, 
what subcontracts they normally give to the Pacific and Middle Atlantic were not 
Included in the subcontract figures. The sketchy data available on subcontracting 
by the underrepresented areas Is presented in Table 7 and Indicates that they 
undertake sizeable procureticnt in the Pacific and Middle Atlantic regions. 

However, It is necessary to reiterate the previous conclusion that the greatest 
dollar portion of subcontract awards comes from the space system prime contracts. 
Since at the time of this study neither the Hast North Central nor New England 
areas had received prime awards for projects of this nature. It Is likely chat 
the total net "export" positions of the Pacific and Middle Atlantic would be only 
slightly reduced. 

Even more Important than the ability of the Pacific and Middle Atlantic 
regions to attract subcontracts from ocher sources is the extent of their inter- 
regional subcontracting. Together, their Interregional dollar transfers amounted 
Co 13% of all 1st tier awards (see Table llA). If this figure is added to their 
Internally generated share, the combined figure reaches 33% of all 1st tier 
procurement. The magnitude of the Inter-area transfers is both significant and 
reasonably stable. Table IIB lists the portion of each region's total procurement 
which was let to the other in fiscal years 1963, 1964, 1965 and 1966. The dif- 
ference In stability between the Pacific and Middle Atlantic is primarily a 
result of Che larger number of California prime contracts reporting 1st tier 
awards. The Middle Atlantic figures are basically those resulting from the L5»I 
contract to Gruaaan aircraft. As a result, the Middle Atlantic procurement 
pattern Is heavily influenced by the time phasing of a few large subsystem awards 
associated with the LEM project. In California, Che larger nvraber of different 
prime contracts makes it more likely that Che dislocation In geographic emphasis 
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table 11a 


INTERREGIONAL 

FIRST TIER SUBCONTRACT FLOWS 

FOR THE MIDDLE 


ATLANTIC AND 

PACIFIC REGIONS. * 

’ V . 



TOTAL PROCURLMENT 




1st Tier 
Awards To 

Middle Atlantic 
Region 

(in thousands of dollars) 

1st Tier 
Awards To 
Pacific 
Region 

(in thousands of 

dollars ) 

1st Tier Awards From 
Middle Atlantic Region 

198 ,634 

203',300 


1st Tier Awards From 
Pacific Region 

347 .943 

1,172 ..266 


Total 

546.,577 

1,375 ,566 


Interregional Transfers = 

$203,300,000 + $347,943,000 = 

$551,234,000. This 

figure 


Is equal to 15.11S of total 1st tier procurenent. 

Interregional Transfers + Home Region Procurement = $1,922,243,000. 
This figure Is equal to 52.70% of total 1st tier procurement. 


Source: NASA 1st tier subcontract reports for the period January 1, 1962, to 

June 30, 1966. 
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TABLE lib 

NASA FIRST TIER SUBCOI-iTRACT PROCURuIEKT BY FISCAL YEAR ; 
t-Iiddle Atlantic and Pacific Interregional Flows 


Fiscal Fiscal Fiscal 

1963 1964 1965 


1st Tier Awards From 
Middle Atlantic Region 
to Pacific Region 
(% of total Middle Atlantic 

1st tier procurement) 7.05 32.64 j 47.12 

“ ti 

1st Tier Awards From | 

Pacific Region to 
Middle Atlantic Region 
(% of total Pacific 

1st tier procurement) 9.88 14.74 22.42 


Source: NASA 1st tier subcontract reports 


Fiscal 

1966 


32.09 


13.96 
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caused by the tine phasing of one contract would be countered by that of another. 

The extent and general stability of the inter-area subcontract flows further 

suggests that the nature of much of the 1st tier work is such that it must seek 

the specialized capabilities of particular areas. New York, California and to a 

lesser extent Massachusetts are the focal points of dollar awards for all of the 

top 10 space system prime contracts included In the present study. Therefore, 

it would appear that distance and the associated role of transportation costs are 

of minor Importance. This is certainly consistent with the space system emphasis 

33/ 

on highly technical and complex subsystem and part fabrication projects.—' 

The concentration of these large 1st tier projects In the Middle Atlantic 
and Pacific regions also provides an explanation for their dominant role at the 
2nd. tier subcontract level. It was concluded earlier in this Chapter that the 
primary source of 2nd tier subcontract awards is the larger 1st tier projects, 
and that 2nd tier procurement is more prone to home area concentration. In light 
of the fact that both of these factors are present In the Middle Atlantic and 
Pacific regions, it is not surprising to find these areas receiving an. even larger 
share of total 2nd tier procurement (63% and 65% of total 1st and 2nd tier 
respectively). 


E* .. The Presence of Space R & 3 Complexes 
The implications of the above observations are quite clear. The dominant 

m 

position of the Middle Atlantic and Pacific divisions, and It night be added the 


^^See Che tine period discussions for subcontract ratios and inter-area 

transfers above, and the individual prime contract procurement patterns to follow. 
In each case any inscabllity over time can be linked to the time phasing of sub- 
contract projects which, by nature of their scope and complexity require extensive 
funding. 
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Hassachusetts area, is a function of certain advantages of these areas over other 
prime and 1st tier recipients. At each level of subcontract procurement they are 
capable of attracting larger home area shares as well as the major portion of 
work not performed locally. It may be said that they possess a comparative ad- 
vantage over other areas vis a vis their depth, breadth and technical sophisti- 
cation in those industries most involved in prime and subcontract work. In effect, 
the results of the present study, confirm chose of the Stanford Research Institute 
study regarding the existence of certain major defense " R & D complexes' in the 
Northeast and Pacific areas. -2^^ These complex areas are composed of firms which 
possess the technical and research capability to perform prime and major subsystem 
work, plus the satellite or support firms in those industries serving the pro- 
curement needs of the prime and subsystem contractors. 

As the SRI study points out, the major "complexes" are located in the San 
Francisco and Los Angeles areas of California, the New York City - Northern New 
Jersey area, the Boston area of llassachusetts and the Washington, D.C. area. The 
lower home procurement shares of the Vest North Central and West South Central 
divisions, plus their inability to maintain net import positions with the other 
major subcontract sources, is certainly consistent with this concuslon. It vrill 
be noted that none of the "complexes" are located in or near .ilssouri and Louisiana. 
Although Missouri and Louisiana are able to attract subcontract awards from prime 
contracts related to their own projects, the magnitude of these awards is far less 
than the subsystem and part fabrication awards which depend so heavily on the 



Shapero, R. P. Howell, J. R. Tonbough, op . clt . . June, 1964, p.25. 
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speclal Industrial capabilities found in the "complex" areas. 

The preceding discussions of Che subcontract distributions in Che present 
study provide conclusive support for the California, New York-New Jersey and 
Massachusetts ’complexes". However, there is little Indication that an ad- 
ditional "complex" exists in the Washington, D.C. area (actually Saltimore - D.C.). 
Although the combined aaryland-D.C. share of NASA prime awards is 3.4%, thereby 
raising the possibility of a "complex", the lack of subsequent 1st and 2nd tier 
subcontract procurement suggests that such Is not the case. Table 8 Indicates 
that the combined Macyland-D.C. subcontract awards* we le 1*. 4% and ,2% of total 1st 
and 2nd tier procurement respectively, 

At the same time, there is evidence to support the SKI conclusion that an 
additional, though less significant, complex exists in the Minneapolis- St. Paul 
area of Illnnesota.-^^ Referring to the 1st and 2nd tier distributions in Table 6, 
the significance of this additional complex is revealed. Minnesota is Included 
In the top 10 and 20 states receiving 1st and 2nd tier awards respectively. 

However, the smaller 2no tier share (4.1% vs. l.u%) suggests that Che complex is 
less complete In the sense that a sufficient number of support industries are not 
present. From the results of the present study, it would appear that the ability 
of the Mlnneapoiis-St. Paul area to compete is primarily a function of the tech- 
nical and research capabilities of a single firm, Honeywell, Inc. However, as 
the SRI study points out, additional R & D capability exists through the Uni vac 
Division of Sperry P.and Corp. , Control Data Corp, , Western Electric, and Minnesota 
Mining and Manufacturing Co. 


35 / 

The prlne-project related subcontracts are primarily confined to the 
Saturn V system being assemblec and tested in Louisiana. iissouri is dependent on 
the less complex 1st tier awards generated by the internally produced Gemini 
system. 49Z of 1st tier awards to .Iissouri ccsna from the Gemini project, 

36/ 

K. Drahelm, R. P. Howell, A. Shapero, op . cit .. July, 1966, especially 
Chapters IV and V. 
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Although the SRI study does not mention it, there is considerable evidence 

to support the conclusion that an additional "space complex" exists in the area 

37 i 

adjacent to Cape Kennedy. — The share of awards to Florida is 4.5% of all prime, 
4.5% of all 1st tier subcontracts and 2.7% of all 2nd tier subcontracts. As in 

the case of Minneapolls-St . Paul, the lower 2nd tier share suggests that the complex 
may be less extensive than the other four. However, the Florida share is con- 
sistently larger and involves prime and large 1st tier subcontract awards to a 
broader base of firms than in the Minneapolls-St. Paul situation. The major 
contractors are United Aircraft, Radiation Inc., Honeywell, Inc., and Electro- 
Mechanical Research, Inc. The assumption that less technical support fims are 
also present is consistent with the fact that launching and final check-out pro- 
cedures are an integral part of all major space system projects. 

Procurement in the space "complexes" (including Florida) is noticeably stable 
over time, 'Referring to Table 12, we find that the combined 1st tier awards are 
66,5%, 66.5%, 68.3% and 64.4% for fiscal years 1963 through 1966 respectively." 

The larger share for 1965 is primarily the result of the time phasing of sub- 
contract projects in the New York-New Jersey area. The comparative share of 
awards to the individual "complexes" suggests that they compete with each other 
for those subsystem projects which are similar in their technical and industrial 
requirements. The most obvious competition is between the East and West Coast 
"complexes". The relative share of total 1st tier awards received by California 
as opposed to the other three complexes is illustrative of this competitive 
relationship. Between fiscal 1963 and 1966, the share of 1st tier awards to the 


■' — This area Includes Orlando, Saint Petersburg, Sarasota, Melbourne, and 
Vest Palm Beach (approximately a 130 mile radius w’est and south of Cape Kennedy). 
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TABLE 12 

DISTRI3UTI0U OF FIRST TIER PROCUREMENT TO MAJOR SPACE 
R & D COOTLEXES BY FISCAL YEAR 
(percent of total procurement) 


Location of 
R 6 D Cociolexes 

Fiscal 
• 1963 

Fiscal 

1964 

Fiscal 

1965 

Fiscal 

1966 

Massachueetcs 

4.8 

~ 3.5 

5.6~ 

8.5 

NY - NJ 

5.4 

8,3 

15.2 

10.2 

Florida 

1.4 

7.2 

2.8 

1.6 

California 

54.9 

47.5 

44.7 

44.1 

TOTAL 

66.5 

66.5 

68.3 

' 64.4 


Source: NASA 1st tier subcontract reports for the period January 1, 

June 30» 1966. 


1962, to 


-64- 


East Coast "complexes" rose by virtually the same percentage points as the re- 
duction in total share to California. Disregarding fiscal 1955 for the reason 
mentioned above, the corresponding changes in share received are as follows: 



1963-1964 

1963-1966 

1964-1966 

California 

- 7,4% 

- 10.8% 

- 3.4% 

East Coast Complexes 

+ 7.4% 

+ 8.7% 

+ 1.3% 

Share to all Complexes 

0 

- 2.1% 

- 2.1% 


There is further evidence chat Intercoaplex competition exists on the East 
Coast. Table 12 reveals a play-off between the hew York-Kew Jersey share on the 
one hand and the Hassachusetts share on the other. Again, the instability of the 
total share Is a function of the time phasing of the large subcontract projects 
in the two areas. The same competitive situation is undoubtedly true for the 
San Francisco and Los Angeles complexes. However, the present study has concen- 
trated on subcontract distribution on a state rather than a city basis, so this 
conclusion will not be empirically tested. 

F. The Role of Distance 

The final relationship to be discussed in the present Chapter is the role 
of distance or nearness to market in determining the geographic distribution of 
subcontract awards, an l3suewhl<h has been touched upon in a number of the con- 
clusions reached earlier in the chapter, but in no place are the observations 
clearly summarized. 

Starting with 2nd tier procurement, it may be concluded that distance is an 
Important determinate of the geographical distribution of awards. The most 
clearly defined relationship between distance and subcontract place of per- 
formance is found in the 2nd tier "From - To" patterns listed by fiscal year 
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(sce Table 8). This relationship was exanlned in a previous discussion con- 
cerning the extent of 2nd tier procurement iu the Middle Atlantic and Pacific 
regions. It will be recalled that the share of total 2nd tier awards accruing 
to these two divisions in fiscal 1965 and 1966 was directly related to the 
alternately dominant position that each division maintained as the source of 
awards. The figures below smtmarize these positions: 


Middle % "From" 
Atlantic 

% "To" 


Fiscal 1965 
52.552 
45.67% 


Fiscal 1966 
10.14% 
10.50% 


- Pacific Z "From" 22.32% 

% "To" 25.76% 

Source: NASA 2nd tier subcontract reports. 


56.65% -- 

61.79% 


The exceptionally large share of total awards received by the Middle Atlantic in 
1965 and the Pacific in 1966 is a direct function of their role as a source of 
awards for the same years. 

A further example of the importance of nearness to market is the ability of 
the East North Central region to maintain an 11% share of total 2nd tier pro- 
curement in both fiscal 1965 and 1966 even though the major source of awards 
shifted from the relatively near Middle Atlantic region In 1965 to the more 
distant Pacific region in 1966. The explanation lies in the fact that home pro- 
curement in 1966 was large enough to counter the loss in awards from other areas. 
The appropriate figures are as follows: 
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Flscal 1965 Fiscal 1966 

% of all awards Fron Ease North Central 5.8% 14.5% 

% of all awards To East North Central 11.0% 11.0% 

% of all awards From Middle Atlantic 52.6% 10.1% 

% of all awards Froa Pacific 22.8% 56.7% 

Source: NASA 2nd tier subcontract reports. 


The close proxiaity of the East North Central to the Middle Atlantic region meant 
that it received a larger share of awards in fiscal 1965 than it would have re- 
ceived in 1966, (when the Pacific region was the major source of awards) if it 
were not for its own increased home area procurement. 

Of course distance is not the only variable affecting 2nd tier procurement. 

The 2nd tier subcontract pattern of the West North Central region Indicates that 
industrial specialization Is at least as important. The West North Central share 
let to its Census division and region is 3.8% and 6.7% respectively. The major 
emphasis is on the Northeast and Pacific areas, which received a combined share 
of 75% of the total I7est North Central awards. This geographic distribution is 
consistent with the electronic emphasis of the items procured. 

At the 1st tier level, it may be concluded that the greater scope and com- 
plexity of the projects Involved restricts the majority of awards to the few firms 
which possess the necessary research and technical capabilities. The concentration 
of 1st tier awards In the '’complexes" underscores this conclusion and indicates 
that distance is relatively insignificant. Of special importance is the large 
scale inter-area subcontracting between the East and West Coast "complexes'*. 

However, distance is not a completely irreievent factor at the 1st tier level. 


The data suggest two ways in whic'n distance can influence 1st tier subcontract 
distribution. The first Involves what will be referred to in Chapter 4 as non- 
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subsystes Itens. The "off - the - shelf' nature of these itetas Inplles that they 
are not tied to the specialized capabilities of particular firms and therefore, 
as with the 2nd tier projects, are more sensitive to transportation costs. 

The second is the relationship between nearness to a major R & D "complex" 
and the share awarded to it as opposed to alternative "complexes" which are 
further away. This is most clearly indicated by the generally smaller share of 
awards received by the combined 2«ortheasc complexes as the source of the awards 
moves further away (see Table 13). However, the relationship is less significant 
when the Pacific region is considered. It would appear that the Pacific region 
attracts between 20 and 40% of an area's 1st tier awards no matter how far apart 
the two may be. It is clear that the geographic distribution of the larger 1st 
tier projects is only marginally affected by distance. Hoxrever, the similarity 
of the Northeastern and Pacific "complex" capabilities gives some weight to dis- 
tance when the projects can be performed equally as well by the firms in either 
area. Unfortunately, the distance - distribution relationship for NASA 1st tier 
subcontracts is not stable enough to support that'offered by the SRI study.-^S-^ 

A conclusion similar to that of the present study was reached in the Rohm study 
involving the application of the SRI distance - distribution relationship to 
the Gemini project in St. Louis, Missouri. 


38 / 

See discussion in Chapter 1. Basically, the conclusion was that "A 
prime contractor located within one of these two regions (Northeast and West) 
spends approximately 70% of his material procurement in the hone region and 
another 15% In the other region. A prime contractor located outside these two 
regions divides his material procurements from tnese two regions roughly according 
to his distance from them". A. Shapero, R. P. Howell, J. R. Tombaugh, op . cit . , 
November, 1965, p. 12. 

gq / 

Robert A. Bohm, op . cit . , p. 22 
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TASLS 13 

COHPARATIVE SHARES OF 1ST TIER AWARDS TO 
THE NORTHEAST AND PACIFIC REGIONS 
(percent of total awards from the given region) 


Source of— 

Share To 

Share To 

Awards 

Northeast 

Pacific 

Middle Atlantic 

54.0- 

34.0 

East North Central 

59.6 

23.0 

West North Central 

22.3 

40.7 

South Atlantic 

12.3 

20.0 

East South Central 

10.6 

19.9 

West South Central 

9.5 

32.4 

Pacific 

23.2 

54.4 


■i^The New England and Mountain regions did not provide a subcontract sasple 
large enough to give a comprehensive geographic distribution. 


Source: NASA 1st tier subcontract reports for the period January 1, 1962, 

• to June 30, 1966. • . . * 
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Throughout this chapter the conclusions reached with respect to the geo- 

fc. 

graphic distribution of subcontract awards have involved the question of what 
type of work was being perfomed. As discussed thus far, the work type has two 
aspects which are relevant to determining the distribution of subcontract awards. 
One is the degree of cooplexity and R & D work involved. As was concluded above, 
the greater the eiziphasis on these characteristics the more likely it is that the 
work will be perfomed in an R & D "coaplex" as opposed to the home area. In 
addition, the work type also involves the industry in which the subcontract ac- 
tivities will be performed. Here the implication is that subcontracts will 
gravitate to those areas which have a greater concentration or degree of special- 
ization in the Industries most involved in space work. A difference in the geo- 
graphic distribution of 1st and 2nd tier net flows implied a corresponding shift 
in emphasis from the electronics to the metal products and machinery industries 
respectively. 

The extent to which either of these factors influences the geographic dis- 
tribution of subcontract procurement will be the subject of the next chapter. 

The emphasis will be on the relationship between the subcontracted firm and 
function on the one hand and the geographic distribution of awards on the other- 
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CHAPTER IV 

THE TECHMCAL AND IIIDUSTRIAL HATURE OF SUBCOKTRACT ACTIVITIES 

Ansvjers to the questions raised in Chapter 3 regarding the type of sub- 
contract work and the resulting geographic distribution of ai'/ards require in- 
formation which is not readily available from the data collected under the ''post 
card" reporting system. Of special Importance for Che present study is an In- 
dustrial classification of work performed and a dlf ferenclation of the R & D 
efforts involved in the various subcontract projects. 

I. 

Thus far, has not undertaken an industrial classification of their 

i 

prime and subcontractors. As stated in a letter from Hr. Harold E. Pryor, the 
reason why this has not been done is chat "the present SIC codes do not adequately 
reflect the appropriate product lines of the various aerospace companies Of 
particular concern is the fact that although two items may be described by the 
same product na.'ue, the difference in R & D effort Involved makes one a completely 
different product from the other. For instance, valves are classified under 
industry code 3494. Yet the valves necessary for a rocket booster or manned 
spacecraft do not represent the same labor to capital input as valves used by an 
oil refinery, '.tore importantly, the quality of the labor is different. For the 
rocket booster or spacecraft, entirely new valve concepts and design nay be 
necessary. As a result, the two products are not the same items even though they 
bear the same product name. However, some attempt to classify subcontracts by 
industry is necessary to provide at least a first approximation of the relation- 
ship betv/een industry and subcontract distributions. 


40/ 

From a letter to ilurray L. ’Jeidenbaun dated September 14, 1966. Hr. Pryor 
Is Che Director of the Staff Operations Division, Office of Procurement, National 
Aeronautics and Space Administration, 'Washington, D.C. 
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A. Reflnenent of Subcoatract Data 

Id an effort to provide an Industrial classification of subcontract work, 
the present study used an establishnenC as opposed to a product basis. The 
reasons for such a choice are siniply the greater tine involved in a product 
classification and the brevity and technical nature of various reported work 
descriptions.—^ To avoid the problen of nultlple industry classification for 
some of the larger more diversified firms, each establishment was classified in 
the Industry detertnlned by the Bureau of the Budget as its "major activity". 

These "major activity" codes are used by the SEC in their Directory of Companies 
Filing Annual Reports . For this reason, the SEC directory was used as the basis 
of classification. For firms not classified by the SEC, the Dunn and Bradstreet 
Million Dollar Directory for 1966 was employed. The Industry breakdown is 
generally confined to three digits. It may be argued that a three digit 
classification is too aggregative to properly differentiate space Items from 
those serving the normal industry market. However, other data, particularly the 
Industry employment figures to be used later in the chapter, are more complete 
and readily available on a three digit basis. 

The "post card" reporting system originally Intended to classify subcontract 
awards as requiring R & D or not. However, the problems of correctly interpreting 
the meaning of R & D and the necessity for continual NASA surveillance have 
resulted in this Item being ignored. Nonetheless, it is essential to have 

AJ f 

One example of the difficulty Involved Is the 1st tier awards reported 
under prime 8-4016 (Chrysler Corp., La). Many of the largest dollar awards were 
vaguely described as "Hardware" or "Flight Hardware". The only alternative in 
such coses is to classify by the establishment name. 

42 / 

— Marvin Hoffenberg, Analysts of NASA Post Card Subcontract Data . Institute 
of Government and Public Affairs, University of California, Los Angeles. 1966, 
p. II - 2. 
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some means of classifying the scope and complexity of the work performed. For 
this purpose, the present study has relied on the classification of firm 
fimctloos developed by Peck and Scherer In their study Involving weapon systems 
procurement. It was felt that the functions of the weapon system prime 

contractor were similar enough to those of the larger NASA prime contractors to 
permit this. In both cases the prime contractors provide what may be referred to 
as a total system. This includes the research, design, development, fabrication 
and testing of a basic hardware item and coordinating associated support work.^^ 
In effect, the prime contractor is as much engaged in selling engineering, 
research and admlolstratlve services as in providing the hardware item. The 
multipurpose role of space system projects leads to subcontract procurement 
Involving a wide range of functions. Peck and Scherer classified these functions 
into five main categories. Briefly, they are as follows; 

A. The system firms. These are basically the prime contractors described 
above as total system producers. For NASA, these would include .j>roJe,cts 
in the areas of manned and unmanned spacecraft, rocket boosters and — 
rocket engines. 

B. Subsystem finas,-^^ Projects in this category are provided under both 
prime and subcontract and may involve firms which are basically systems 
producers as well as those normally classified as subcontractors. Because 
of the scope and complexity of the total system project, the prime 

-^^Peck and Scherer, op.clt . . pp. 114-116. 

44/ 

— Support work associated with the spacecraft and rocket booster systems 
varies with the project but examples are training mock-ups, communication networks, 
final check-out, launching and recovery. 

45/ 

— Examples of ItASA subsystems are: life support, guidance, communications, 

battery power supply, scabillzatloo and control, rendezvous, abort, landing 
and recovery. 
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contractor is unable to perform many of the subsystem tasks "In-house". 

% 

As a result, either he or the associated Govemment agency procures these 
projects from outside firms. Normally, the work is within the capability 
of the subsystem contractor, but the emphasis on research, design and 
development bears a striking similarity to the function of the space 
system contractor.-^ Consequently, it is not uncommon to find the space 
system firms performing subsystem work for each other. 

C. Overflow producers Once again the firms nay be involved in both 
prime and subcontract work. However, the items' In this category are 
procured under subcontract. The Job functions differ from the previous 
category in that they are within the capability of the prime contractor. 
Lack of capacity in the prime firm, cheaper cost and/or specialized 
skills of other firms are the reasons underlying these awards. It is also 
true that the major emphasis is on fabrication as opposed to research 

and development. Certainly some R & D work is involved, but not to the 
extent found in categories A and B. 

D. Pacts firms.^^ These are the component parts used in the fabrication 
stages of the previous categories. 

E. Material makers. These firms supply the basic metals, synthetic 

46 / 

— Peck and Scherer, op.cit . . p, 149. 

47 / 

— 'Examples of NASA overflow work are: fuel servicing units, oxidizer tanks, 

trainer mock-ups, ducting work, fuel delivery systems and engineering services. 

~^The list of component parts associated with NASA work is too extensive 
to be presented in any detail. However, a feu representative categories will be 
mentioned. Electrical Conponents*dlodes, transducers, relays, circuit breakers, 
transistors, resistors, integrated circuits and semiconductors; Instruments and 
Gages - gas detectors, accelerometers, altimeters, pressure indicators, tempera- 
ture and horizon sensors; Nuts and Bolts; Valves; Housing and Fittings and 
Machinery. 
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fabrlcatlon oate rials and chealcals, especially propellencs such as liquid 
hydrogen and oxygen. 

It oust be recognized that all procurcaent does not fall neatly into one of 
these categories. As Peck and Scherer point out, the subsystem category lends 
Itself to a further breakdown into classes: major subsystems, minor subsystems 

and distinct subsystems, which function as elements of ocher subsys terns The 
latter class includes such items as computers for guidance and flight stabiliza- 
tion systems and air conditioning units for environmental control systems. The 
nature of the work performed and its relationship to the complete subsystem pro- 
ject make these items difficult to categorize. The possibility of extensive 
R & D to adapt the st^dard product to space needs and their relative Importance 
to the complete project would qualify these items as separata subsystems. On the 
other hand, they function as parts of a larger hardware item. In this sense they 
could be classified as components. " " ’ 

Nonetheless, it will be more useful to attempt some form of classification, 
even though somewhat"arbltrary, than to treat all procurement under one heading. 
To reduce the subjective errors implicit In a multiclass if Icatlon system, the 
present study will concentrate on only three categories: total system, subsystem 

and nonsubsystem (to Include overflow, component parts and material work) . 

The basis for classifying a project as a subsystem Involves two considera- 
tions. First is the work description reported for each subcontract. Although, 
as mentioned before, these descriptions can be vague and highly technical, In 
many cases the subsystem projects are accompanied by the words "subsystem" or 
"system". The work description can also be compared to the "normal" work per- 


49 / 

— 'Peck and Scherer, op.clt . . p. 149. 
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forraed by the priae contractor. If the project Is in an unrelated area, it may 
be assumed that it is a subsystem not an overflow award. For Instance at the 
present time Grumman Aircraft does not have the "ln-house*‘ capability to provide 
the conmunicaClon or stabilization and control system for the Lunar Excursion 
Module. 

A second consideration is the emulative awards received by the project. It 
is reasonable to assume Chat the greater scope and R & D effort associated with 
subsystem work would lead to larger cumulative awards, especially over the four 
and one half year time period of the present study. 

However, it should be pointed out that each of the over 25,000 1st tier sub- 
contract work descriptions were not examined. It was felt that the time costs 
involved in a complete class! flcatlon would far outweigh the ber^fits possible 
improved accuracy in work function delineation. Instead, only the work descriptions 
of- the top 15 prime contracts (with the largest total procurement) were examined 
and classified. ' * 

On the basis of cumulative prime contract awards from fiscal 1962 through 

fiscal 1966, these IS prime contracts received S3S of all IvASA awards to United 

50/ 

States business, educational and non-profit institutions. — The top 5 prime 
contracts alone received 1/3 of the cumulative awards for the same time period. 

As these figures suggest, each of the primes involved what has been referred to 
as a complete space system. As a result, there is a greater emphasis on sub- 
system as opposed to smaller less complex procurement. In the present study, the 


— ^^Cuaulative prime awards for this period are found in the NASA, Annual 
Procurement Resort; Fiscal Year 1966 , p. 71. Figures for Che JPL were added. 
The cumulative awards for the individual prime contracts were obtained from the 
E-19 series entitled. Cumulative Awards bv Prime Contractor as of 6/30/66 , NASA 
Headquarters, Washington, D.C. , Office of Reports and Statistics. 
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top 15 prime contracts received 72% of the cumulative prime awards and subsequently 
let 79% of all reported 1st tier subcontracts. This takes on special significance 
when It is realized that there are 251 additional prime contracts Included In the 
study, which account for a combined share of only 21% of all 1st tier subcontracts 
let. 

In conclusion. It Is felt that by concentrating on the work descriptions of 
the top 15 prime contracts, virtually all subsystem projects are included. The 
mere fact that the top 15 account for 79% of all 1st tier dollar awards means that 
even if additional subsystems existed, their Influence cn the total subcontract 
pattern would be of small algnlflcance. . ; 

On the basis of the industry and work function classifications described 
above, the following conclusions may be made regarding NASA procurement. The 
greatest dollar value of work performed at each level of procurement Is confined 
to essentially five, three digit industries. The individual firms performing 
the work, and to some extent the Industry itself, are primarily a function of the 
degree of technical and research capability required by the project. With an 
Increased emphasis on technical and research capability, fewer firms are able to 
compete, and a larger share of the work is concentrated in the aircraft, 
electronics and communications industries. Tne greater the emphasis on 
specialized firms in the aircraft, electronics and communications industries, the 
more likely It is that the awards will not remain In the home area but will flow 
CO the Pacific and Northeast "complexes". In effect, what was initially concluded 
in Chapter 3 is supported here. The geographic distribution of NASA procurement 
is basically a function of Che technical, research and industrial requirements of 
the work performed. 

No level of procurement reflects these conclusions more chan the 1st tier 
subcontract distribution. The 74% share of total 1st tier awards received by the 
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Northeast and Pacific regions Is a direct function of the dual nature of 
activities perfonaed. First tier procurement Is not only characterized by both 
subsystem and non-subsystem work, but the spilt between them Is approximately 
even (51% for subsysteni, 49% for non-subsystem).-^ To this extent, the 
conclusions of the present study depart from those of Hoffenberg. rtliereas hla 
study emphasizes the role of subsystem procurement, the present one concludes that 
subsystem awards provide only one-half of the 1st tier subcontract picture. The 
non-subsystem procurement Is as great In dollar value and therefore plays an 

52/ 

equally Important role in determining the geographic distribution of awards. — • 

The nature of the role played by the two types of procurement will be the major 
emphasis of the remainder of this chapter. 

B. Subsystem Procurement: Industrial Orientation and Geographic Distribution 


It may be concluded that subsystem dollar awards are heavily concentrated 


■^^These figures are the result of the author's classification of 1st tier 
subcontracts into subsystem and con-subsystem categories. The procedure followed 
is described above. The cumulative dollar shares for the period 1/1/62 - 6/30/66 
are $1,834,879,000 and $1,812,547,000 for subsystem and non-subsystem 
procurement respectively. 

52/ 

— Although the Hoffenberg study does not provide comparative figures for sub- 
system and non-subsystem procurement, it concludes as follows: "Cur own judgment, 

based on an examination of the subcontractor tasks reported and the organization 
of the industry, is that the subsystems firm is more important in value of sub- 
contracts awarded...." See, Hoffenberg, op.cit . , p. III-9 . It further concludes 
that "On the basis of available information, it is hardly possible to speak of a 
hierarchy of tasks (between prime and 1st tier procurement) based on the hierarchy 
of first-tier subcontractors and prime contractors. Below the first-tier sub- 
contract there might be such a hierarchy, since the deeper in the structure of 
production the more the subcontract is for "off-the-shelf" components." Ibid . . 
p. III-12. 

Of course it oust be recognized that differences in interpretation of what 
constitutes a subsystem cay account for part of the difference in conclusions. 
However, it should be pointed out that for the present study it would take a $36.5 
million error to produce a 1% change la distribution. Ic is my own concluslcn 
that If anything, the subsystem share has been overstated by including certain 
overflow items. For instance, to what extent Is a 35 million dollar cumulative 
award for an Oblatlve Heat Shield a subsystem or an overflow item for North 
American's Apollo system? By virtue of the size of the award, this particular 
Item was Included as a subsystem. 
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io the aricraft, electronics and coisaunications industries in that order. However, 
the geographic distribution of subsystem activities is not primarily a fiinctlon 
of an area’s general productive capacity in these industries. Instead, the 
geographic distribution appears to be more closely tied to the plant location of 
what subsequently will be referred to as the "key" aircraft, electronics and 
coomunl cation flros. 

Table 14 provides the name, SIC code and cumulative awards for each firm 
receiving a subsysteni award(s). The cumulative Industry shares are 53.1%, 30.1% 
and 10.6% for aircraft, electronics and communications respectively. On the basis 
of this relationship, it is reasonable to assume that subsystem awards gravitate 
to those areas with a concentration of productive capacity In these Industries. 
However, when the share of subsystem awards for each region is compared to the 
corresponding share of total employment in the three industries, a disproportionate 
relationship emerges (see Table 15). Of special significance is the ~ 
disproportionately large subsystem awards to the West North Central, Mountain, and 
Pacific regions, while the East North Central region receives far less than a 
proportionate share. 

Two possible explanations come to mind. First is that the major prime con- 
tractors have established procurement patterns which carry over from previous 
aerospace work. Those firms which were Initially successful In winning sub- 
contract awards tend to become "built into" Che prime contractor in Che sense 
that for a particular kind of work the prime contractor relies almost entirely on 
that firm. The emphasis on time and reliability In space work may outweigh any 
cost advantages of alternative sources. There is always the possibility that a 
new firm may not work out "under fire". The costs of delay penalties and part 
failures may far outweigh a lower subsystem unit cost, especially under the cost 
plus fixed fee contracts associated with the major space system work. Those 
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Table 14 

SIZE AND DISTRIBUTION OF NASA FIRST TIER SUBSYSTEM AWARDS BY CONTRACTORS^ 


2/ 

Subsysteo-' 

Contractor 

SIC^^ 

Code 

2/ 

Subsystem-' 
Dollar Awards 
(In thousands 
of dollars) 

X of Total 
Subsystem 
Awards 

Cumulative 

% 

Top 50^ 
Prime 
Firms 

Top 25^/ 
Prime 
Firms 

Hughes Aircraft 

372 

291,691 

is. 90 

15,90 

X 

X 

Westlnghouse 

361 

183,721 

10.01 

25.91 

X 


Honeywell 

366 - 

140,359 

7.65 

33.56 

X 


TRW 

372 

118, 321 

6.45 

40.01 

X 

X 

RCA 

365 

108,727 

5.93 

45.93 

X 

X 

United Aircraft 

372 

98,180 

5.35 

51.28 

X 

X 

Collins Radio 

366 

95,001 

5.18 

56.46 

X 


North American 




) 



Aviation 

372 

86,132 

4.69 

61.15 

X 

X 

Garrett 

372 

82,128 

4,48 

65.63 

X 


Aarojet-'General 

372 

76,625 

4.18 

69.81 

X 

X 

Northrop 

372 

60,131 

3.28 

73.08 

X 


Marquardt 

372 

54,085 

2,95 

76.03 



IBM 

357 

39,642 

2.16 

73.19 

X 

X 

General 







Precision 

366 - 

39,140 

2.13 

. 80.32 



Bell Aerospace 

372 

38,423 

2.09 

82.42 



General Electric 

361 

36,603 

1.99 

84.41 

X 

X 

Motrola 

365 

35,999 

1.96 

86.37 

X 


Avco 

366 .. 

34,917 

1.90 

83.28 

X 


Beech Aircraft 

372 

26,383 

1.44 

89.71 



Bendlx 

361 

24,785 

1.35 

91.06 

X 


Electro Mechan- 







ical Research 

366 

24,760 

1.35 

92.41 

X 


Lockheed Air- 







craft 

372 

20,930 

1.14 

93.55 

X 

X 

General Motors 

371 

17,543 

.96 

94.51 

X 

X 

Radiation 

366 

14,675 

.80 

95.31 

X 


Weber Aircraft 

372 

12,932 

.70 

96.01 



Federal-Mogul 

356 

12,315 

.67 

96.68 

X 


International 







Harvester 

352 

8,844 

.48 

97.16 



American Machine 







& Foundary 

394 

8,530 

.46 

97.62 



Advanced Tech- 







nology Labs 

366 

6,190 

.34 

97.96 



Douglas Aircraft 

372 

6,000 

.33 

98.29 

X 

X 

Borg-Wamer 

371 

5,166 

.28 

98.57 



Parke r-Hanni fin 

349 

4,228 

.23 

98.80 



Electro Optical 







Syst, 

739 

3,912 

.21 

99.01 



Eagle richer 

281 

3,859 

.21 

99.22 



Lear Siegler 

366 

2,813 

.15 

99.37 

X 
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Table 14 (coat.) 


Subsysteta^^ 

Contractor 

Sici/ 

Code 

2/ 

Subsystem- 
Do liar Awards 
(in thousands 
of dollars) 

Z of Total 
Subsystem 
Awards 

Cumulative 

Z 

Top 

Prime 

Firms 

Top 25^/ 
Prime 
Firms 

Missouri Research 







Laboratory 

366 

2,706 

.15 

99.52 



Thiokol Chemical 

372 

2,663 

.14 

99.66 

X 


Control Data 

357 

1,888 

.10 

99.76 

X 


Leach 

361 

1,637 

.09 

99.85 



Llquldometer 

381 

1,288 

.07 

99.92 



Fairchild Camera 







& Instruments 

367 

1,007 

.05 

99.97 




— ^See text for method of classifying subcontract awards as subsystems. 

2 / 

— Contractor and dollar awards are based on NASA 1st tier subcontract reports 
for the period January 1, 1962, to June 30, 1966. 

-J^SIC codes were assigned on the basis of contractor name as opposed to sub- 
contract work description. The Security Exchange Commission, Director/ of 
Companies Filing Annual Reports . 1965 and the Oun and Bradstreet, Million 
Dollar Directory. 1966, were used to determine the appropriate SIC code. 

— ^See NASA’s Prime Contractors and Prime Contract Awards as of May 31. 1966 . 

Section II - alphabetically by contractor. Awards to non-profit organications , 
and the Jet Propulsion Laboratory were not included. 


o 


o 
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Table 15 



REGlOilAL DISTRIbUTION OF SUBSYSTEM PROCUREMENT 

AND EilPLOYI-IENT IN 
lUDUSTRlEsl' 




ELECTRONICS, COMMUNICATIONS, 

AND AIRCRAFT 



Employment 

Share of 

Employment 

Share of 

Employment 

Share of 

Share of Total 


in the 

Total 

in the 

Total 

in the 

Total 

Subsystem 


Electronics Employment 

Communications 

Employment 

Aircraft 

Employment 

Procurccent 

RcRion 

Induatry 


Industry * 


Itidiifil ry 

. (Z) _ ^ 

ca 

New En^;lGnd 

67,082 

18.97 

21,593 



8.36 

65,762 

8.57 

12.18 

Middle Atlantic 

127,418 

36.03 

87,347 

33.80 

90.6H8 

1 1 .H2 

l«>.4U 

E.ifjt Nor til Ct:ntral 


2«».23 

6<>, 163 

26 . / / 

1 M .02 1 

14. ’>4 

1 . Ml 

W**iit Nni'th Ci'fitr.'il 

12.2-J7 

J.46 

•t ,.l‘>2 

> . M 1 

/M. t,t,U 

Ml. 

1 1 .41*1 

iiiMii li A t iaui ic 

14,203 

4.02 

2'>,2 3S I 

11.11 

•i 1 ,42/ 

6. /<» 

/ / 

l,nni *>f>iitli <\:ficr/il 

H , *1 1 5 

2.41 jt 

414 

. 1 • 

. 16 

1 1 .0‘>'» 

1.43 

o 

Wc*f*t Suiith CiMitr.ii 

un 

2.63 

1 9 

7.9H5 : 

3.09 

61 , 142 

7.9/ 

o 

Mountain 

2,lb0 

.61 

1,697 j 

.66 

9,694 

1.26 

3. 15 

Pacific 

41. 176 
353,641 

11.64 

31.109 

258,395 

12.04 

287.516 

767,397 

37.47 

47.10 

— ^For the purposes of the present study the 
connnunlcatlons industry is defined as SIC 

electronics industry will include SIC industries 361 and 
Industry 366. and the aircraft industry is defined as SIC 

367, the 


Industry 372. 
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firms with whom a prime contractor has dealt before also have an advantage vis- 
a-vis their working; relationship with key personnel. This is particularly 
important for space system projects where one of the prime contractor's major 
responsibilities is coordinating the efforts of a number of subsystem suppliers. 

To some extent these established patterns undoubtedly do exist. However, the 
short time period of this study and the limited sources of subsystem awards make 
it impossible to test this empirically. 

The second explanation Is that there are relatively few firms capable of 
subsystem work. In light of the complexity of subsystem projects and the 
Important role of R & D In the initial stages, it is reasonable to assume that 
subsystem procurement would go to those firms which possess the most sophisticated 
technical and research capabilities. For example, Emerson Electric in St. Louis 
is unlikely to effectively compete with General Electric for the Gemini Fuel 
Cell Power Subsystem even though both firms are classified in industry 361 and 
have previously performed NASA prime and subcontract activities. 

Indirect empirical support for this assumption is evidenced by the fact that 
the major share of prime and subsystem activities is performed by essentially the 
same small group of firms. The top 10 prime and subsystem firms received 58% and 
70% respectively of total cumulative awards Csee Table 16). The Implication is 
that relatively few firms are capable of attracting the major projects, which by 
virtue of their large dollar outlays suggest a more complex product requiring 
greater than normal amounts of research and development. By comparing the too 
subsystem firms to the top 50 prime contractors, it is further evidenced that the 
firms most capable of performing the more technical, research-oriented projects 
are essentially the same. Each of the top 10 subsystem firms also appears among 
the cop 50 prime contractors (see Table lA). Qy extending coverage to the top 
20 firms, 91% of subsystem awards is included and all but 4 of the firms are 
represented in Che list of Cop 50 prime contractors. 
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Table 16 


CUMULATIVE PRItfE Al.T) SUBSYSTEM AWARD SHARES TO THE TOP 10 CONTRACTORS 


Prime 

Contractor 

Curulative 
Share of 
Total Prime 
Award si/ 

Subsysten 

Conttcictor 

Cumulative Share 
of Total 
Subsystem 
Awards^./ 


<%) 


(%) 

North Amer. Aviation 

23.17 

Hughes Aircraft 

15.90 

Douglas Aircraft 

29.07 

tfestlnghouse 

25.91 

Boeing Co. 

34.52 

Honeywell 

33.56 

McDonnell 

39.52 

TRW 

40.01 

Grumman Aircraft 

44.52 

RCA 

45.93 

General Electric 

48.09 

United Aircraft 

51.28 

Aerojet-General 

51.46 

Collins, Radio 

56.46 

General Dynamics 

53.95 

North American Aviation 61.15 

Chrysler Corp. 

56.21 

Garrett 

65.63 

IBM 

58.11 

Aerojet-General 

69.81 


—^ NASA’s Prime Contractors and Prime Contract Awards as of May 31, 1956, 
Section II - Alphnbetlcally Sy Contractor. California Institute of 
Technology (Jet Propulsion Lab) was excluded. 

2 / 

—'NASA 1st tier subcontract reports for the period January 1, 1962 to 
--June 30, 1966. . 
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In order to avoid a possible misunderstanding. It should be pointed out that 

the amount of prime contract work performed by subsystem firms Is generally less 

53 / 

extensive in dollar value As a consequence, they function primarily as 
subcontractors. The reason for this can be found in the nature of space system 
projects. They are big (the top 5 projects received 1/3 of all cumulative prime 
awards between fiscal 1962 and 1966) and rely heavily on a few large aircraft 
producers who, by means of past commercial and military aircraft projects, have 
acquired the experience and staff necessary to provide the proper blend of 
technical, research, coordination and fabrication f unctions 

There Is reason to believe that in the future the close network of "key" 
firms will more than likely not change significantly In either size or composition. 
The reason being that sufficient barriers to entry exist at the more technical 
sophisticated level of aerospace contract activity. A brief mention of the more 
formidable barriers is sufficient for the present study:—^ 

(a) As mentioned earlier, subsystems generally Involve extensive periods of 
R & D in areas Involvj^g sophisticated technical competence. To be able 
to carry on such research, a firm needs to maintain a qualified staff of 
engineers, scientists and technicians. The high cost and easy mobility 
of these workers means that their continual utilization is an economic 
necessity. In a sense they are an overhead cost associated with large 

53 / . . . ’ 

— Of the top 20 subsystem firms only TRW, RCA, United, North American, 
Aerojet-General, IBM and GE received larger dollar awards as prime contractors. 

54 / 

— The aircraft firms referred to are North American, Douglas, Boeing, 
McDonnell, laad"Xdckheed. Together they received 38% of all prime awards for 
fiscal 1962 through 1966. 

more complete discussion can be found in Herman 0. Stekler, The Structure 
and Perform^.nce of the Aerospace Industry . University of California Press, Los 
Angeles, 1965. 
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scale space work. Because of this, there la a natural limitation to the 
number of firms which can economically enter the Industry. 

(b) The strong emphasis on R & D capability also presents another barrier 
to entry. To establish yourself as a technically capable firm and 
thereby compete with the established and "proven" firms, a company must 
be willing to spend large amounts of its own money on research. At 
the same time, the established firms have been allowed and are con- 
tinuing to Include a considerable portion of company-funded research In 
the indirect cost covered under their present contracts. 

(c) In addition to the outlay for manpower and research there are facility 
threshold costs. These Involve the purchase and installation of testing 
and research facilities and equipment which are specialized to tne space 
industry. If these costs are added to those of (a) and (b) above, and 

" then compared to the risks of success and the allowable profit ratio 

under government contracts, it is not hard to see why a close netv7ork of 
firms exists. — - 

The presence and stability of a network of "key" firms has significant Impli- 
cations for regional economic analysis, vis-h-vis the geographic distribution of 
awards. In the present study approximately 80Z of the total value of the original 
prime awards is closely tied to the manufacturing plant locations of 25 "key" 
firms (prime work performed "in house" plus subsystem procurement). Consequently, 
the extent to which a given geographic area participates in I^ASA procurement is 
primarily a function of the number and industrial orientation of "key" firms 
located in its boundaries. A good example of this is the relatively large 1st 
tier awards In the states of Iowa, Minnesota, Arizona and Colorado. In each case 
the extent of their 1st tier procurement is greater chan would be expected on the 
basis of their general manufacturing capacity in the aircraft, electronic and 
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cooiEunicatlons industries. Yet within each state is a nanufaccuring plant of a 
"key" space firm.'*^' In each case, the fira was able to attract one or nore 
subsystem awards. If It were not for the presence of these firms it is doubtful 
that these states would have participated in 1st tier procurement to the same 
degree. This is particularly true for Iowa, Arizona and Colorado where sub- 
system activities accounted for 892, 792 and 802 of their total 1st tier awards. 
Because of greater participation in non-subsystem awards and a broader R & D 
capability (see Chapter 3, Part E), the corresponding figure for Minnesota is 
672. 

The location of "key" firms is equally as important in explaining Che 
dominant position of the "complex" areas. These areas are called "R & D complexes" 
by virtue of the fact that they have the greatest array and concentration of 
R 6 D firms in Chose Industries involved in aerospace work. However, the 
present chapter's concern for types of work Involved in subcontract procurement 
reveals chat some degree of industrial specialization exists between the two 
coasts. The California "complexes" specialize in subsystems involving aircraft- 
related technology, particularly in the area of motors and engines, while the 
Massachusetts and Mew York-New Jersey "complexes"' concentrate on electronics and 
communication projects (see Table 17). It must be emphasized that complete 
specialization is not evidenced. The East and West Coast "complexes" participate 
in each major Industry. It is merely the varying degree of participation which 
suggests specialization. 

-^Collins Radio in Iowa, Honeywell, Inc. in Minnesota, Motorola in Arizona, 
and Beech Aircraft in Colorado. 
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Table 17 


INDUSTRY SPECIALIZATION OF FIS3T TIER SUBSYSTE;i PROCUREMENT 
IN THE PACIFIC AND NORTHEASTERN REGIONS 


Pacific Regloa 



Northeastern Regions 


SubsystcQ 

State 

SIC 

Subsystem 

State 

SIC 

Ccntnctor 

Location 

Code 

Contractor 

Location 

Coda 

Garrett 

Cal 

372 

American Machine & 

Pa 

394 




Foundary 

Conn 

394 

North American Aviation 

Cal 

372 

Westlnghous 

Pa 

361 

Northrop 

Cal 

372 

General Electric 

Mass . 

361 

Weber Aircraft 

Cal 

372 

IBM 

NY 

357 

Ae roj e t-Gene ral 

Cal 

372 

Bell Aerospace 

irY 

372 

Lockheed 

Cal 

372 

RCA 

Hass 

366 





NJ 

366 

Marquardt 

Cal 

372 

United Aircraft 

Conn 

372 

Parker-Hannlfin 

Cal 

349 

Avco 

Mass 

367 
366 & 



- 

•• 


372 

TRW 

Cal 

.. 372 

General Precision 

NY 

367 & 

Leach 

Cal 

361 



382 

Bcndix 

Cal 

361 




Hughes Aircraft 

Cal 

372 




Advanced Technology Labs 

Cal 

366 




Electro Optical Systens 

Cal 

739 

— - 



Source: Table 15. 

NASA 1st 

Tier subcontract reports for 

the period 


January 1, 

1962 to 

June 30, 

1966. 


* 
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C. Hon-Sub3YSteP Procuren^nt: Industrial 

Orientation and Geoii:raphic Distribution 

Turning to the non-subsysten share of 1st tier procurement, a different set 
of factors come to bear on the geographic distribution of awards, IJhereas sub- 
system procurement was characterized by a few large and highly complex problems, 
non-subsystem procurement involves relatively small awards for overflow fabrica- 
tion, component parts, materials and services, which by their "off-the-shelf" 
nature are capable of being performed by many different firms. In effect there Is 

what may be called a "hierarchy" of function.—^ The fact that the two types of 

I 

subcontracts originate from the same prime contractors or that the same industry 
is involved is relatively Insignificant. I/hat is Important is their different 
emphasis on technical and research capability. As will be discussed below, this 
difference in emphasis Is associated with a difference In geographic and industrial 
distribution. 

As is evidenced, the primary emphasis of procurement is on overflow 
fabrication (fuel oxidizer tanks, fuel servicing device, control system trainer, 
ballute release mechanism and seat ejector catapult) ; large component parts (band 
radar beacons, data recorders, receivers, amplifiers, valves, transducers, tubes 
and circuits); taate rials (titanium sheets and boiler plates) and services (testing, 
engineering and tooling). Although some of the overflow and large part projects 
received cumulative awards of over 1 million dollars (approximately $10,000,000 
was the largest) they did not require the same degree of technical skill and 
research efforts as In prime and subsystem awards. This is indicated by the 

The term "hierarchy" was taken from the Hoffenberg study. Although it 
was used In essentially the same context, the conclusions differ. The present 
study recognizes that 1st tier procurement is characterized by approximately 
equal emphasis on subsystem and non-subsystem work, and that a difference in type 
(subsystem vs non-subsystem) of procurement is associated with a difference 
(hierarchy) in function. 


difference in cumulative awards Co \fce jtbp subsystem and non-subsyscem firms 
(see Tables 14 and IS). No non-subsystem firm received cumulaclve awards greater 
than 3.6%, while each of the top 10 subsystem firms exceeded that figure. The 
top 10 and 20 non-subsystem firms received 19% and 29% of the total awards 
respectively, compared to the subsystem shares of 70% and 91%, Since the total 
dollar awards are essentially the same for both, the lower individual firm shares 
for non-subsystem procurement reflect a smaller scope and less R & D emphasis. 

It is reasonable to assume that a 1 million dollar project for a fuel servicing 
unit does not Involve the same level of technical and research labor input as a 
25 million dollar environmental control system. It is also true that 
cumulative awards for the larger non-subsystem firms are the result of a greater 
number of separate projects. With lower cumulative awards spread over a greater 
number of projects, it is more likely that the products are of a standard or "off- 
the-shelf" nature. 

The "hierarchy" of function is not accompanied by a significant "hierarchy" 
of firm (see Table 18). It would appear that the subsystem firms are equally 
capable of functioning at the non-subsystem level (13 of the top 20 non-subsystem 
firms are also subsystem contractors). However, one difference is worth noting. 
The role of the aircraft industry in non-subsystem procurement is far less 
dominant than for subsystem work. VRiereas, 6 of the top 10, and 11 of the top 20 
subsystem firms were in the aircraft Industry, the corresponding non-subsystem 
figures are 3 and 6. This provides additional evidence of the decrease in 
project scope and complexity. It will be recalled that the aircraft firms are 
most heavily Involved in the larger R & D and fabrication projects at the prime 
and subsystem levels. 

The less complex and technical nature of the non-subsystem projects, and 
the subsequent lack of dependence on a few "key" firms have two important 


! 
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Table 18 


SIZE A:JD DISTRIBUTIOH of first tier iJOtJ-SUBSYSTEIt AWARDS BY CONTRACTOR 




Non-Subsysten 

Contractor 

Non-Subsystem 
Dollar Awards 
SIC (in thousands 

Code of dollars) 

% of Total 

Non-Sub Cumulative 

system Awards % 

Sub- 

systca 

firms 

Top 50 
Prime 
Firms 

GE 

361 

64,918 

3.60 

3.60 

X 

X 

ib:i 

357 

51,172 

2.84 

6.44 

X 

X 

RCA 

365,367 

38,639 

2.14 

3,58 

X 

X 

Aerojet-General 

372 

31,898 

1.77 

10.35 

X 

X 

Garrett 

372 

30,137 

1.67 

12.02 

X 

X 

Brown Engineering 

891,372 

27,809 

1.54 

13.56 


X 

Raytheon 

362,366,367 

26,179 

1.45 

15.01 


X 

General Precision 

367,382 

25,476 

1.41 

16.42 

X • 


Thlokol 

372 

24,410 

1.35 

17.78 

X 

X 

Kodak 

383 

23,158 

1.2S 

19.06 



Ling-Tenc o- Vough t 

372 

19,735 

1.09 

20.15 


X 

Hughes Aircraft 

372 

19,639 

1.09 

21.24 

X 

X 

Control Data 

357 

19,116 

1.06 

22,30 

X 

' X 

Honeywell 

366,382,365 

18,537 

1.03 

23,33 

X 

X 

TRW 

372 

18,072 

1.00 

24.33 

X 

X 

Rohr 

372 

17,947 

.99 

25.33 



Electro Hechanlcal 







Research 

366,381 

17,112 

.95 

26.28 

X 

X 

Precision Sheet 







Metal 

349 

15,400 

.85 

27.13 



International 



* *— * 




Harvester 351,352,371,372 

15,073 

.34 

27,97 

X 


Sperry Rand 

357,366.382 

14,565 ■ 

~.ai 

28.77 


X 

Aeronca 

372 

14,484 

,80 

29.58 



Scientific Data 

357 

14,224 

.79 

30.37 



Textron 

366,372 

14,065 

.73 

31.15 



Bendlx 361 

,366.371,331 

13,862 

.77 

31.91 

X 

X 

Hayes Inter- 







national 

372 

12,894 

.71 

32.63 


X 

Glanninl Controls 

381 

12,630 

.70 

33.33 



Aopex 

365,357 

12,456 

.69 

34.02 



United Aircraft 

372 

12,423 

.69 

34.71 

X 

X 

Astrodata 

361,366 

11,961 

.66 

35.37 



Calutnet £ Hecla 

333 

11,819 

,65 

36.03 



Slnnonds Precision 

281 

11,735 

.65 

36.68 



Chicago Bridge £ 







Iron 

349 

11,216 

.62 

37.30’ 



Kollsman Instru- 







dents 381,382,383 

11,054 

.61 

37.91 


X 

Beckoan Instru- 







dents 361,369,381 

10,879 

.60 

38.52 



Texas Instru- 







cents 361 

,366.367,332 

10,043 

.56 

39.07 




I 
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Table 18 (coac.) 




Hon-Subsysten 
Dollar Awards 

% of Total 


Sub- 

Top 50 

Non-Subsystem 

SIC 

(in thousands 

;ion-Sub 

Cumulative 

system 

Prime 

Contractor 

Code 

of dollars) 

system Awards 

2 

firms 

Firms 

Statham Instru- 







Dents 

381 

9,782 

, -54 

39.62 



Fairchild Canera 







& Instruments 

355,361, 

367,369 9,296 

.51 

40,13 

X 


Radiation 

369 

9,197 

.51 

40.64 

X 

X 

Westinghouse 

361 

8,845 

.49 

41.13 

X 

X 

IT 6 T 

Pittsburgh Oes 

366 

8,775 

.49 

41.62 



Moine Steel 

349 

8,558 

.47 

42,09 



Teledyne 

356,366 

,367 8,344 

.46 ' 

42.55 



Alcoa 

333 

8,374 

.46 

43.02 



Parker-Hannifin 

349 

8,181 

.45 ' 

43.47 

X 


General Dynamics 

362,372 

,366 7,740 

.43 

43.90 


X 

Union Carbide 

281 

6,670 

.37 

44.27 


X 

U.S. Steel 

331 

6,626 

.37 

44.64 



Video Corp. 

367 

6,557 

.36 

45.00 



Douglas Aircraft 

372 

6,449 

.36 

45.36 

X 

X 

Spacecraft) Inc. 

367 

6,388 

.35 

45.71 



) 

Source: gee 

notes • in 

Table 14. 



- 



t 


O 





implications for regional impact analysis. One is the Increased participation of 
local suppliers. With the emphasis of prccuremcnt on technical and research 
sophistication it Is not likely that a given group of local firms tv ill be able to 
compete to any great extent. Even in the "complex" areas it was necessary for 
California electronic and communication subsystems to seek the specialized 
capabilities of Northeastern producers, while the opposite flow existed with 
respect to various engine and other aircraft-related projects. However, when 
the necessity for specialized technical and research sophistication Is no longer 
a factor, the advantages of nearness to market and reduced transportation costs 
give the local producer a competitive advantage. This is demonstrated by the 
increased emphasis on home procurement for non-subsystem awards originating In 
Missouri, New York and California (the 3 major sources of 1st tier subcontracts). 

Table 19 provide the geographic distribution by state of total and non-sub- 
sy'steo 1st tier procurement for each state respectively. . It Is' clear that as the 
Impact of subsystem procurement is removed, the home state and region shares ara 
markedly Increased. The comparative total and non-subsystem home procurement 
shares are summarized as follows: 


Home State Home Region 


Missouri 

Total 


3.7% . 

7,1% 


Non-Subsystem 


16.0% 

19.0% 

New York 

Total 


15.8% 

33.5% 


Non-Subsys tern 


28.0% 

55.5% - 

California 

Total 


55.3% 

55.6% 


Non-Subsystem 


62.9% 

63.5% 


By virtue of the presence of R & D "complexes" In New York and California their 
home state and region shares are larger than those of Missouri. 

A second implication of the less technical nature of non-subsystem 
procurement is that the activities are more directly linked to the fabrication 


o 


o 
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: Table 19 

■ I 

NASA TOTAL AND NON-SUBSYSTEM FIRST TIER SUBCONTRACT AWARD DISTRIBUTION 
BY STATE, FHOiI PRIME CONTRACTS 9-150, 9-170 and 9-llOiji/ 

Source of Awards 



Prime 

Contract 9-150 

Prime Contract 9-170 

Prime Contract 9-1100 


Share of All 

Share of All 1st 

Share of All 

Share of All 1st 

Share of All 

Share of All 1st 


1st Tier Sub- 

- Tier Non-Sub- 

1st Tier Sub- 

Tier lJon'*Stjb- 

1st Tier Sub- 

Tier Non-Sub- 

Receiving 

Contrncts 

system Awards 

Contracts 

system Awards 

contracts 

system Awards 

States 

{%> 

(%) 

(zy 

C%) 

ay 

ay 

Conn 

4.02 

1.62 ' 

.49 

3.66 

7.62 

4.09 

lie 

ft 


0 

0 

0 

0 

Mass 

2.66 

2.12 

9.30 

1.07 

13.80 

4.00 

m 

.C6 

.13 

0 

0 

A 

A 

RI 

.18 

.38 

0 

0 

.07 

.17 

Vt 

.28 

.59 

.04 

.32 

.08 

.22 

HJ 

1.54 ; 

3.29 

.90 

6.64 

9.08 

5.32 

MY 

4.04 

3.61 

■ 11.24 

5.07 

15.77 

28.02 

Pa 

8.0 

2.09 , 

.36 

2.59 

8.70 

22.20 

111 

1.29 

2.74 

.76 

5.26 ' 

.02 

.06 

Ind 

.70 

.51 

.07 

.51 

1.60 

.45 

Mich 

.49 

.85 

: .94 

’ 6.45 

1.12 

1.59 

Ohio 

2.31 

4.04 

1.07 

8.44 

.57 

1.46 

Wise 

.17 

.36 ! 

.02 

.12 

* 

.01 

Iowa 

4.56 t 

.36 

.83 

.40 

i 

o 

.13 

Kan 

.08 

.17 

* ’.02 

.12 

0 

0 

Minn 

5.93 

3.51 

2.52 

2.49 

1.03 

2.63 

Mo 

.22 

.47 

‘ 3.74 

15.96 

.72 

.08 

Neb 

.Cl 

.02 ' 

! 0 • 

0 

0 

0 

SD 

A 

A 

0 

0 

0 

0 

Del 

A 

A < 

0 

. 0 

.01 

.03 

DC 

A 

* A 

■ .01 

.06 

A 

A 

Fla 

1.78 

2.17 

18.23 

2.67 

2.20 

2.07 


, w 


o 


o 
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Table 19 fcont.) 
Source of Awards 


Prlrae Contract 9-15Q Prime Contract 9-170 Prime Contract 9-1100 


Receiving 

States 

Sliaro of All 
1st Tier Sub- 
Contrcicts 
(%) 

Share of All 1st 
Tier Non-Sub- 
aystera Awards 
(%) 

Share of All 
1st Tier Sub- 
contracts 
(%) 

Share of All 1st 
Tier Non-Sub- 
system Awards 
(%) 

Saare of All 
1st Tier Sub- 
contracts 

(%) 

Share of All 1st 
Tier Non-Sub- 
system Awards 
i%} 

Ga 

.05 

.10 

0 

0 

0 

0 

Kd 

.87 

.98 

5.27 

.42 

.37 

.95 

NC 

.06 

.13 

* 

.02 

* 

■k 

SC 

.01 

.01 

0 ; 

0 

0 

0 

Va 

.09 

.19 

0 

0 

.03 

.08 

W.Vq 

.07 

.15 

0 

0 

0 

0 

Ala 

.57 

1.22 

.01 

.05 

.07 

.18 /V 

Ky 

* 

.01 

0 

0 

0 

0 r 

Hiss 

.16 

.34 

0 

0 

0 

0 i 

Tenn 

.02 

.05 

.01 

.07 

.03 

.19 ^ ' 

Ark 

0 

0 

0 

0 

.03 

.06 

La 

•k 

.01 

0 

0 

0 

0 

Okla 

.A2 

.89 

.46 

3.88 

.05 

.14 

Tex 

.61 

1.31 

.09 

.64 

.31 

.80 

Arlz 

1.59 

.27 

1.98 

3.73 

.28 

.71 

Colo 

1.15 

.19 

.77 

5.40 

.75 

.09 

Idaho 

* 

* 

’ 0 

0 

0 

0 

Mont 

* 

* 

0 

0 

0 

0 

Hev 

.Cl 

.01 

0 r 

0 

0 

0 

N.M. 

,C8 

.17 

.01 

.09 

.38 

.96 

Utah 

.23 

.50 

.01 

.03 

0 

0 

Calif 

55.31 

62.90 

40.72 

22.95 

35.10 

23.10 

Ore 

.C4 

.08 

.01 

.04 

.07 

.17 

Wash 

.26 

.55 

.12 i 

.84 

0 

0 


1/prltae contract 9-150 (Apollo spacecraft) was let to North American Aviation in Dowicy, California. Prime 
contract 9-170 (Gemini spacecraft) was let to McDonnell in St. Louis, Missouri. Prime Contract 9-1100 
(Lunar Excursion Lodulc) was let to Grununan Aircraft in Bethpage, New York. 

* ■= less tlinn .01% 

Souice: NASA 1st tier subcontract reports for the period January 1, 1962 to June 30, 1966. 
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stage of the price project. To the extent that this Is the case, the industrial 
enphasls would be expected to differ from the subsystem level. Fabrication of 
space hardware, just as with any other product, requires certain "nuts and bolts" 
Items. In the case of manned spacecraft and rocket boosters, such items as metal 
sheets, valves, gages, measuring Instruments, engineering and testing services 
represent a few of the most important ones. On this basis, it is reasonable to 
assume that the industries associated with these products would play a greater 
role in total non-subsystem procurement. Turning to Tables 14 and 18 we find that 
such Is the case. A far greater number of non-subsystem firms are classified In 
industries 331, 349, 359, 381, and 382.—'^ 

The relatively Increased importance of these industries suggests a correspond- 
ing shift In geographic distribution. By virtue of their comparatively larger 
productive capacity in these industries, It is reasonable to assume that the 
~ states in the East North Central region would be able to attract a greater share 
of non-subsystem than subsystem procurement. The figures in Table 19 reveal that 
a shift in emphasis does occur, but with varying degrees. It would appear that 
the broad capabilities of the R & D "complexes" coupled with an Increased 
emphasis on distance reduced the flow from liew York and California. This Is 
particularly evident for New York where procurement in the home state and 
Pennsylvania (a bordering state with metal, machinery and electronic capability 
similar to the Cast North Central) rose from 24.5% to 50.2%. On the other hand, 
the East North Central share from Ilissourl, which possesses neither a space 
complex nor significant capability Intrareglonal In space-oriented industries, 
rose from 2.9% to 20.8%. 

5& 

— -^Measuring and Indicating Instruments; Miscellaneous Fabricated Iletal Pro- 
ducts; Miscellaneous Machinery, Machine Shops; Scientific and Laboratory Equip- 
ment and Steel Mills respectively. 


c 

D. Second T^P 1 ^^■;^fl<^r'Tn ont; Additional 
Implications of Kon-Subsystea Activities 

Thus far nothing has been said about the firm and function characteristics 
at the 2nd tier level. The reason for this is simply that for all practical 
purposes the conclusions concerning non- sub system procurement apply equally as 
well to the 2nd tier. Of particular importance for determining the geographic 
distribution of 2nd tier awards is the similarity of subcontract activities. 
Unfortunately, there is no way to provide direct empirical support for this con- 
clusion. As mentioned earlier, this is primarily due to the absence of an ac- 
curate basis for assessing the degree of difficulty or research effort Involved 
in a given project. However, the project work descriptions Indicate that 2nd 
tier procurement also emphasizes the large and small component part fabrication, 
materials, and services which were concluded to be the primary concern of non- 
subsystem activities. ”ost indicative of this similarity Is the fact Chat the 
degree of concentration in the top 50 firms Is quite close. The top 50 contractors 
receive and 50.5% of the total non-subsystem and 2nd tier procurement 

respectively (see Tables 18 and 20), The proportionately greater concentration of 
total awards in the top 20 second tier firms implies greater dollar expenditures 
on larger part and overflow projects as opposed to materials, services and 
smaller components. However, as with non-subsystem procurement, the magnitude 
of the concentration In any one firm does not Imply highly complex or research- 
oriented activities. The greatest concentration In one firm is 13.5 million 
dollars or 3% of the total, and this was the result of awards for more than one 
project. 

The only discemable difference between the non-s\ibsystem and 2nd tier 
activities la the firms involved. Only 12 of the top 50 second tier flms also 
function as non-subsystem producers (see Tables 18 and 20). This is primarily 
a function of the similar emphasis on “off-the-shelf" or standard production 
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Tablc 20 


DOLLAR AVARDS TO THE TOP 50 

SECOND TIER 

NASA SUBCONTRACTORS 




2nd Tier 

% of 






Dollar Awards 

Total 


Top 50i/ 

Top 50^^ 

2nd Tier 

SIC 

(in thousands 

2nd Tier 

Cumulative 

1st Tier 

Prime 

Contractor 

Code 

of dollars) 

Awards 

% 

Firms 

Firms 

Litton Indus- 



. 




tries 

357,366 

13,517 

3.00 

3.00 



Christie Elec- 







trie 

362 

11,911 

2.65 

5.63 



RCA 

365,367 

8,843 

1.96 

7.61 

X 

X 

BG Instruments 

366,382 

8,472 

1.88 

9.50 



Texas Instru- 







ments 361,366*367, 

382 7,573 

1.63 

11; 18 



Ladish Co. 

339,349 

7,431 

1.65 

12.83 



Clevlte 

356.367,371 6,823 

1.52 

14.35 



Arc turus Hfg. 

359 

6,553 

1.46 

15.80 



Simmon ds 







Precision 

381 

6,196 

1.38 

17.18 

X 


U.S. Polymeric 







Chem. 

306 

6,111 

1.36 

- 18.54 


- 

Lear-Siegler 362,365,366, 

343 6,083 

1.35 

19.89 

X 

X 

Book Elec- 







tric 

361,367 

5,913 

1,31 

21.20 



Geddes Co. 

171 

5,900 

1-31 

22.52 



Instrument 







Systems 

382 

5,900 

1.31 

23.83 



Action Labs 

381 

5,433 

1.21 

25.03 



General 







Precision 

367,382 

5,369 

1.19 

26.23 

X 


Allen Tool 

354,359 

4,992 

1.11 

27.34 



Dllectrlx Corp, 

344 

4,951 

1.10 

28.44 



Kelsey Hayes 

372 






Co. 


4,744 

1.05 

29.49 



Motorola 

365 

4,311 

.96 

30.45 

X 

X 

Textron 

366,372 

3,959 

.89 

31.33 

X 


Dynamic Corp. 







of America 

366 

3,847 

.85 

32.18 



Armco Steel 

331 

3,822 

,85 

33.03 



Non-Linear 







Systems 

361,362 

3,784 

.84 

33.87 



Astrodata 

361,366 

3,742 

.83 

34.71 

X 


Farrand 







Optical 

381,383 

3,737 

.33 

35.54 



Hughes Air- 







crof t 

372 

3,730 

.83 

36,36 

X 

X 

Fh 0 1 one ch ani sms 

383 

3,725 

.83 

37.19 



Barden-Lcemath 

356 

3,619 

.30 

33.00 



Farrand Controls 367 

3,619 

.80 

38.80 
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2nd Tier 
Contractor 

SIC 

Code 

Table 20 

2nd Tier 
Dollar Awards 
(in thousands 
of dollars) 

(cent.) 

% of 
Total 
2nd Tier 
Awards 

Cumulative 

Z 

Top 50^^ 
1st Tier 
Firms 

Top 50i^ 
Price 
Fires 

United Electro- 








dynanics 

381,382 


3,487 

.77 

39.58 



Fairchild Camera 

355,361, 







& Instruments 

367,369 


3,484 

.77 

40.35 



Williams Co. 

509 


3,462 

.77 

41.12 



General Elec- 








trie 

361 


3,201 

.71 

41.83 

X 

X 

Hl-Tenp Mater- 








ials 

349 


3,182 

.71 

42.54 



Gulton Indus- 








tries 

367,369 


3,127 

.69 

43.23 



Cameron Iron 








Works 

353,339 


3,105 

.69 

43.92 



Consolidated 








Vacuum 

391 


3,072 

.68 

44.60 



Radiation 

369 


3,019 

.67 

45.27 _ 

X 

X 

Holetulon 








Research 

367 


2.678 

.59 

45.87 



Raytheon 362,366,367 


2,470 

.55 

46.42 

X 

X 

Scott Aviation 

372 


2,184 

.48 

46.90 



Cadillac Gage 354,362,382 


2.161 

.48 

47.38 



Sperry Rand 357,366,382 


2,114 

.47 

47.85 

X 

X 

Polyflon 

329 


2,103 

.47 

48.32 



Singer Manu- 








fact. 

363 


2,100 

.47 

48.79 



C.T. Engineering 

891 


1,948 

.43 

49.22 



Men CO Engineering 

891 


1,895 

.42 

49.64 



Consolidated 








Control 199,382,362 


1,865 

.41 

50.05 



Allison Steel 





• 



Mfg. 

344 


1,823 

.40 

50.46 




— ^Based on cumulative awards to 1st tlor contractors as calculated from NASA 
subcontract reports for the period January 1, 1962 to June 30, 1966. 


2 / 


See footnote 4 In Table 14 • 


Source: — NASA 2nd tier subcontract reports for the period January 1, 1962 
to June 30, 1966. 


activities and the iaportant role of fiSaa/procureraent (distance). The standard 
production activities make it easier for a greater number of firms to compete. As 
a result, it Is more likely that a wide variety of producers will actively 
participate. The importance of hone procurement means that the similarity of 
firms is also a function of the source of the awards. The greater the difference 
In source, the more varied the subcontractors. In the case of non-subsystem and 
2nd tier procurement, a difference In the source of awards does occur. The New 
England, East North Central and South Atlantic regions, which were relatively 
insignificant as sources of 1st tier subcontracts (5.6%), become major sources of 
all 2nd tier awards (24.7%). Tlie opposite Is true for the West South Central 
(6,5% and 1.9%) and Pacific (58.9% and 36.8%) divisions. 

— 'l 

Although the firms differ, the industries in which they produce are basically 
the same. The dominant industries in both cases are in the electronics area (see 
Che SIC codes and corresponding cumulative awards for the top 50 firms In Tables 
18 and 20). The most significant difference is that the role of the aircraft 
industry in 2nd tier procurement is reduced to an insignificant level. Of the top 
50 2nd tier firms, only 2 are classified as primarily engaged in aircraft 
production (see Table 20). The two are Hughes Aircraft and Scott Aviation. They 
ranked 27th and 42nd respectively and received .83% and -48% of total 2nd tier 
dollar awards. Note too that the reduced role of the aircraft industry is 
accompanied by an increase in Che metal products, equipment and instruments 
industries (381, 382, 349 and 359). The change in industry emphasis is a result 
of Che different scale and industry concentration of prime and subsystem activity. 

— 'The electronics industries referred to are primarily 361,362, 365, 366 
and 367. Industries 365 and 366 appeared most often. 
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The subsystem firm In the aircraft Industry produces a product which Is of a 
lesser scope than that of the space system prime contractor. As a result, there 
Is less need for extensive air craft- re la ted parts procurement. In addition, the 
subsystem projects generally are less concentrated in the aircraft industry. This 
means that to a greater extent the overflow work will also involve Indus tries other 
than aircraft. 

In light of the "off-the-shelf" nature of 2nd tier procurement, it may be 
concluded that, just as for non-subsystem procurement, distance and general indus- 
trial capability in the key Industries (mentioned above) are the basic deter- 

/ 

minants of the geographic distribution of awards. The role of distance is most 

i 

clearly revealed in the large scale home procurement of the more important sources 
of 2nd tier awards As will be recalled from Chapter 3, only the West North 
Central let less than 1/4 of its dollar awards in the home division. In addition, 
each of the regions, except the Pacific, relied more heavily on internal 2nd tier 
subcontracting than was the case at the 1st tier level, and for the Pacific the 
figure was only a fraction of a percent less (see the bottom figures in each cell 
of Table 8) . The reason for this was discussed in the non-subsystem analysis 
above. Let It suffice for now to say that the less complex nature of 2nd tier 
projects allows more competitive bidding In the sense that the project is not 

tied to a few highly specialized firms. By virtue of his lower transportation 

costs and advantages of nearness to market, the local producer extracts a larger 

share of the total. Since this is basically the same for all areas, each one 

becomes more heavily dependent on its own awards. 

However, certain other 2nd tier subcontract relationships suggest that dls- 

•^^On the basis of the figures in Table 11 the major sources are the Wew 
England, illddle Atlantic, East North Central, West North Central, South Atlantic 
and Pacific regions. Their combined share of subs let is 94.8%. 
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tance Is of little or no laportaoce. \ joiy lnstance. the West North Central region 
procures only 3.8% In its hoae region, and 26.3% and 48. A% in the Northeast and 
Pacific regions respectively. The explanation is found in the industrial enphasls 
of the subcontract activities. It nust be renembered that although the technical 
and research emphasis of the non-subsystem and 2nd tier project Is less than for 
prime and subsystem activities, Che larger projects (overflow and large parts) are 
still limited to the more capable and experienced firms In the industry. As a 
result, electronics work continues to seek the Northeast while the fabricated 
cetal products, gages and equipment (electronic and general industrial) are more 
likely to. flow to Che East North Central region. This is not to say chat distance 
Is no longer an loportanc factor. It merely recognizes that the geographic 
distribution of the larger projects is more Influenced by general Indus trial 
capacity. A comparison of the subcontract pattern of the West North Central 
region mentioned above to Chat of the East North Central region provides a clear 
cut example of this relationship. 

The two regions are at opposite ends of a continuum involving the share of 
awards let in the hsme region and In the Northeast and Pacific (see Table 8). The 
comparative figures are as follows: 

% to Hcce Division % to Northeast % to Pr-clflc 

East North Central 80.8 7.3 7.4 

West North Central 3.8 26.3 48.4 

The explanation for the large home procurement of the East North Central region is 
two fold. First, the subcontract activities were dominated by small part and 
material procurement. There were few large overflow or part projects. As a 
result, the cost advantages associated with the local producer played a 
significant role. In addition, the iteias procured were geared to the Industrial 


This Is 
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advantages associated with flrns In th\,g^t North Central region 
prloarlly due to the relatively limited scope and non-*electronlc nature of the 
subsystem, overflow, and part awards received by Illchigan, Ohio, and Indiana at 
the 1st tier level. 

For the West North Central region the situation was reversed. Electronic and 
communication subsystem awards to Collins Radio (Iowa) and Honeywell, Inc. 
(Minnesota) were primarily responsible for total 2nd tier procurement. Because 
of the scope and complexity of these projects, a considerable dollar amount of 
2nd tier procurement was concentrated In a few large overflow and part projects 
The electronic emphasis of these projects (see footnote u2 ) , and the relative 
Inability of firms in the home states to provide the necessary capability meant 
that the awards, and consequently the major portion of total procurement, were 
let in the R & D "complexes” of the Northeast and Pacific. 

■ ; The conclusions reached In the present chapter' suggest the possibility of 
predicting or estimating subcontract distributions. With the appropriate proxies 
for distance and the R & D and "key" industry capabilities. It may be possible to 
develop a multiple regression equation which will predict the dollar share of 
total 1st and 2nd tier subcontracts that each state can expect to receive, given 
the total amount let at each level of^ procurement. The extent to which this Is 
possible will be the subject of the next chapter. 


As will be recalled, these industries include fabricated metal parts. In • 
the case of the 2nd tier procurement from the East North Central, machine forgings 
and "Upper Dome" forgings dominated the total dollar awards. 

62/ 

— ^The largest single projects Included: (a) Manufacture of a Traveling 

Wave Tube (Hughes Aircraft), (b) Develop PCM Telemetry (Radiation), (c) Signal 
Conditioner DC Amplifier (United Electrodynamics and Teledyne) , (d) Manufacture 
S Band Frequency Triplexer (Rantec). 


CHAPTER V 


FORECASTING THE GEOGRAPHIC DISTRIBUTION OF NASA SUBCONTRACT PROCUREHEHT 


The most difficult problem involved in developing a regression equation of 
the sort suggested in Chapter k is choosing independent variables which are both 
representat tve of the factors affecting subcontract location and for which ade- 
quate data are available. In the present study the following procedures were 
undertaken. 

J 

A. Selection of Appropriate Variables 
Selecting the appropriate industries to be considered was accomplished by 
two methods: (a) The top 50 firms at each subcontract ievel were classified on 
the basis of a three digit industry code. As discussed in Chapter k, the ap- 
propriate SIC code was assigned on the basis of the firm’s industrial classifica- 
tion in the SEC Directory of Companies . l-.'henaver possible, digit classifications 
were made. However, the lack of adequate data on a 4 digit industry basis limited 
the extent to which this was useful in the present study. The disclosure problem 
of Census data was particularly troublesome in light of the need for data by state. 
This is unfortunate, for the amount of aggregation at the 3 digit level In in- 
dustries 361, 366 and 367 reduced their effectiveness as explanatory variables. 

This was especially true for industry 366 (communication equipment) which received 
a large share of both subsystem and non-subsystem awards, yet had R values of .26 
and .03 for 1st and 2nd tier procurement respectively, (b) The industries select- 
ed under the preceding process were compared to those concluded by other studies 
to be most Involved in NASA procurement. In particular, the conclusions of the 
Bohn study for the Gemini project were compared and found to be quite similar, — 


Additional industries suggested by this and other studies were included (see Table 
21 for a completed list). 


Relative shares of total U. S. employment in these industries were selected 
as one measure of a state's ability to compete for subcontract awards. The two 
rationales for this choice are that the greater the concentration of the work force 
(a) the greater the number of firms. V/ith more firms the state has a better oppor- 
tunity to receive a share of awards, and (b) the more likely it is that the state 

possesses one or more large firms which woudl be able to offer a more diverse ca- 
pability. To avoid the problem of space awards being the cause rather than the 

result of an area's industrial capability, employment figures for 1953 have been 

chosen. ~ 

In an effort to recognize the role of R & D and technical capability in deter- 
mining the distribution of subcontract awards, the technical occupational groups 
in Table 21 were selected as additional variables. The choice of which engineers 
to include was based on the large share of awards received by firms in the aircraft, 
electronics and metal products industries (see Chapter IV). The mathenatic ians and 
physicists are associated with less applied and more pure research activities in the 
physical problems of space travel. The figures for>each occupation category were 
also taken from the 1958 Census of Manufactures . 

Two additional variables were introduced as proxies for factors which were 
concluded to be significant in determining subcontract distribution, but could 
not be statistically measured. The 1st tier subcontract distribution was used 
as a distance proxy for 2nd tier multiple regression analysis, and the total NASA 
prime distribution is used in 1st tier calculations to account for the similarity 
of prime and subsystem firms and geographic distributions. In effect, the 


All employment data, with the exception of the Missile industry, were taken frem 
the 1953 Census of Manufactures . Missile employment figures were taken from Manpov ir 
in Missiles and Aircraft . Department of Labor, Bureau of Employment Security, 1955- 
The years 1958 and 1959 precede the major space system awards by 1 to 2 years. 
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TABLE 21 

LIST OF INDEPENDENT VARIABLES TO BE INCLUDED IN MULTIPLE REGRESSION ANALYSIS 


Variable 

Category 

( 1 ) 

Industry 

Variables 


Occupation 

Variables 


VARIABLE DESCRIPTION 

in 


SIC 

CODE 

(3) 

(where appropriate) 


Miscellaneous Plastics Products 307 

Rolling, Drawing & Extruding of Nonferrous Metals 335 

Fabricated Structural lictal Products 344 

General Industrial Machinery & Equlpiaent 356 

Computing and Accounting Machines 3571 

Electric Transmission & Distribution Equipment 361 

Communication Equipment ’ ' 366 

Electric Components & Accessories 367 

Miscell, Electric Machinery, Equipment & Supplies 369 

Electric Equipment for Internal Combustion Engines 3694 

Aircraft & Parts 372 

Engineering, Laboratory & Scientific Research 
Instruments & Associated Equipment 381 

Measuring Instruments (Physical Characteristics) 382 

Research, Development & Testing Labs 7391 

. .. Missiles 

Mathematicians 

Physicists 

Electronic Technicians 


Aeronautical Engineer: 


Occupation 

Variables 

contd. 



Electrical Engineers 
Mechanical Engineers 
Metallurgical Engineers 



Other 

Variables 


Distribution of All NASA Prime Contract Awards 
Distribution of 1st Tier Subcontract Awards 

f 


G 



prime contract distribution and occupational variables were intended to account 
for the distribution of "key" R & D firms associated with subsystem procurement. 
The sample prime contract distribution was also tried, but consistently provided 
less significant results. This is primarily due to the disproportionately large 
share of awards to California and the correspondingly less representative share 
to the New England and East North Central regions. 

Separate scatter diagrams were constructed-foricach..Jndepend3nt variable wr th 
the 1st and 2nd tier distributions. On the basis of these diagrams, it was con- 
cluded that for 1st and 2nd tier distributions, California is consistently an 
extreme or an outlying observation. As a result, it was 'deeidsd/ to eliminate 
California from all statistical analysis. The elimination of California resulted 
In a substantial reduction of the -explanatory power of the aircraft and and 
missile Industry variables and to a lesser extent those associated with technical 
and electronics occupations (see the comparative figures in Table 22). The mag- 
nltude of the change in R values merely points up the extent of California's 
extreme position. At the 2nd tier level it was further concluded that the share 
of total procurement to New York was also extreme. Consequently, New York Is also 
deleted from ail 2nd tier regression analysis. 

B. Multiple Regression Analysis 

All possible combinations of the variables in Table 21 were tested by means 
of the least squares method of multiple regression analysis. The basic criteria 
for assessing the significance of a given regression equation were: 

(a) The size of the 

(b) The sign of the regression, co^ffic iants. All should bo postt^iyo. 
The implication of a negative coefficient is not consistent with 
the general principles of regional economics. When pursued to its 
logical conclusion, a negative coefficient means that by reducing 
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Table 22 


INDEPENDENT VARIABLE 

VALUES 

WITH AMD WITHOUT 

1 

CALIFORNIA — 

/ 

1 ndustry 

1st Tier 

Procurement 

2nd Tier 

P rocureirei 

Var i abl es 

With 

Wi thout 

With 

V/i thout 

(SIC Code) 

Cal. 

Cal. 

Cal . 

Cal . 

307 

.15 

.41 • 

, .24 

-36 

335 

.06 

.37 

.12 

.43 

344 

.27 

.42 

.40 

.62 

356 

.11 

.37 

.22 

.60 

3571 

,16 

.39 

.27 

.14 

361 

.29 

.45 

.34 

-51 

366 

.19 

.26 

.25 

.00 

367 

.25 

.57 

.32 

.53 

369 

.05 

.23 

.15 

.40 

3694 

,01 

.15 

.08 

.33 

372 

.76 

.13 

,78 

.17 

381 

.21 

.30 

.28 - 

,10 

382 

.31 

.62 

.39 

,68 

7391 

.46 

.18 

.52 -- 

.02 

Missiles 

.92 

.29 

.88 

.09 

Occupation 
Variables 
Hathemat ic i ans 

.73 

.38 

.74 

.18 

Physicists 

.68 

.45 

.75 

.35 

Electronic Technicians 

.75 

.70 

.85 

.63 

Aeronautical Engineers 

.84 

,15 

.84 

.15 

Electrical Engineers 

.63 

.57 

.76 

.51 

Mechanical Engineers 

.46 

.56 

.60 

.51 

Metallurgical Engineers 

.19 

.38 

.29 

.68 


( ’“1 

Tab 1 4 22 continued 


1 St Tier Procurement 2nd Tier P rpcurement 


Other 

With 

M\ thout 

17 i th 

17 i thout 

Variables 

Cal . 

Cal. 

Cal. 

Cal . 

Prime D i str i but ion 

.92 

.27 

.87 

.07 

1st Tier Distribution 



.94 

.64 


I 


h 

i 


— ^ The result of simple regression analysis using the least squares approach, 
1st and 2nd tier subcontract d i str i but ions by state were used as dependent vari- 
ables and the industry employment and occupation distributions by states were 
separately introduced as independent variables (source: Census of Manuf ac tu res , 

1958 ). Missile eriDloyment figures by state were taken from Manpower i n K i : s I ! os 
and Aircraft , Department of Labor, Bureau of Employment Security, tSS9* See 
Table 2, column 3 for the distribution of prime awards by state. 


its share of employment ni^soace-re I ated tndLiStries or its share 
of total technical personnel, a state can increase its share of 
subcontract dollar awards. 

(c) The significance of the beta coefficients for each variable, as 

measured by the T value. A .025 level of significance was adopted 
as a cut-off. 

On the basis of these criteria and the resulting 1st tier multiple regression 
equations, it is concluded that the rote of "key” R & 0 firms in determining the 
geographic distribution of procurement limits the possibility of developing a 
meaningful forecasting equation. Attempts to account for the role of "key" R £■ 0 
firms (by means of the distribution of prime and technical occupation groups) were 
hampered by the proportionately tow share of 1st tier awards to the East North 
Central region and the disproportionate share of prime awards to Missouri, Louisi- 
ana and Alabama. As revealed by the scatter diagrams for each variable, the East 
North Central states ( particularly Illinois, Ohio and Michigan) consistently 
receive a smal ler share of 1st tier awards than their corresponding share of 
people in the various occupation groups. 

On the other hand, the prime contract distribution variable was consistent 
with the East North Central state shares of 1st tier procurement. However, the 
large cumulative awards to spacecraft and rocket vehicle projects in Missouri, 
Louisiana and Alabama tended to overstate their role and understate that of other 
states (Iowa, Minnesota, Connecticut and Massachusetts) relative to their actt-al 
shares of total 1st tier procurement. 

The most significant variable combinations are iist'Xt in Table 2}. As is 
cev*aLed-r- the-h-ighest R--"va-fue, (.79) was obtained from a combination of employment 
in industry 3S2 and the number of Electronic Technicians. Attempts to increase tha 
significance of this combination by the addition of variables listed in other re- 
gressions or those variables not included in Table 23 were, ta-po. aval 1 . The ,■ 
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23 


KEY LVDEPE::DE;rr variable combinations for first and second 

TIER MULTIPLE REGRESSION EQUATIONS 
1st Tier Distributions 


Independent Variable Cc-blnations 


X Values 


2 

Partial r 

Industry 382 + Electronic Technicians 

.79 

4.40 

6.05 


.30 

.44 

Prime Distribution + Industry 382 

.75 

4.82 

9.34 


.34 

.66 

Industry 382 4- Missile Eaployment 

.71 

8. 16 

3.74 


.60 

.24 

Electronic Technicians 

.70 

10.45 





Industry 382 + Industry 3571 

.69 

3.05 

6.61 


.17 

,49 

Industry 367 + Missile Employment 

.67 

7.16 

3.67 


.53 

.23 

Prime Distribution + Industry 367 

.67 

3.65 

7.32 


.23 

.54 

2nd Tier 

Distribution 





Independent Variable Coribinatlons 

r2 

T Val 

U2S 



' Partial r^ 

1st- Tier Distribution + Industry 3694 
+ Metallurgical Engineers 

.36 

7.48 

3.21 

4.11 

.56 

.19 ^28 

1st Tier Distribution H- Industry 3694 
+ Industry 344 

,G5 

7.68 

3,59 

3.34 

.58 

.23 .20 

1st Tier Distribution + Industry 356 
+ Industry 344 

.84 

6. 44 

3.11 

2.54 

.49 

.18 .13 

1st Tier Distribution + Metallurgical 
Engineers 

.83 

6.30 

7.04 


.47 

.53 

1st Tier Distribution + Industry 356 

.81 

7.19 

6.48 


.54 

.49 

1st Tier Distribution + Industry 344 

.80 

6.13 

6.05 


.47 

.45 

Source: Multiple regression analysis using 

the least 

squares 

approach. 

First 


and second tier distributions by state were taken fros NASA subcontract 
reports for the period January 1, 1962, to June 30, 1966. See footnote 
1 in Table 2 2 for the source of independent variables other than the 
first tier subcontract distribution. 


high degree of mu) t icoll inear i ty between the variables resulted in negative vari- 
able coefficients and insignificant beta coefficients. 

Although the variable combinations in Table 23 are of questionable value for 
purposes of forecasting subcontract distributions, the conclusions of Chapter 4 
regarding the industrial emphasis of 1st tier procurement are generally supported. 
Note that the variables in each of the equations have an aircraft and electronic 
emphasis. The fact that missile employment is more important than aircraft is 

important, for it reflects the common emphasis of space ef^'ort on projects which 

/ 

involve complex rocket propulsion and electronic subsystems. In other words, the 

I 

technical and research capability of missile work is more directly transferable to 
space activities than is aircraft capability in general. This accounts for the 
concentration of prime and to some extent subsystem awards in a few "key” firms. 

By virtue of the close correlation of missile work and prime contract location, 
the two variables are cover iant and therefore may be used interchangeably for 1st 
tier forecasting. 

The importance of electronic capability is most dramatically revealed by the 
fact that the Electronic Technicians variable alone accounts for 70% of the vari- 
ation in 1st tier subcontract distribution (see Table 23). The presence of indus- 
try 367 in two of the most significant regressions lends additional support. Two 
other industries which appear among the top 50 1st tier firms are also Included 
in the most significant regression equations. They are industries 382 and 3571. 
Industry 3571 is especially significant in 1 ight of the role played by IBM, Control 
Data and Sperry Rand in both subsystem and non-subsystem procurement. 


65/ 

— Of particular importance is the mul ticol linear i ty or covariance present 
within the electronics and metal products and machinery variables. Industries 
361 , 366 , 367 and the electrical engineers and technicians demonstrate consider- 
able mul t icoll inear i ty as do industries 344, 35b, 332 and the mechanical and 
metallurgical engineers. 
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The greater significance of 2nd tier regression equations Is primarily the 
result of the non-subsystem nature of procurement. By being less tied to the lo- 
cation of "key" R & D firms, the 2nd tier awards were freer to move in response 
to an area'a general capability in a given industry. This is most clearly 
demonstrated by the increased share of awards to the states of the East North 
Central region. As discussed above, the less than proportionate (to their share 
of employment and occupation variables) share of 1st tier awards to these states 
is primarily responsible for the low values of the multiple regression equations. 

Table 23 provides the variable combinations of the most significant 2nd tier 
regression equations. Once again, the presence of multicoil inearity between the 
included and excluded variables prevented further Improvement in the "forecasting 
powers" of these variable combinations. This is particularly true for the elec- 
tronics variables which are not present in any of the equations. The reason for 
their absence is simply that they are highly correlated with the 1st tier sub- 
contract distribution, which is now included as a separate independent variable. 

The electronics industries and occupations continue to be instrumental in explaining 
the geographic distribution of subcontract awards. However, their significance 
is indirectly evidenced vis-a-vis the 1st tier procurement variable. It was felt 
that the need to account for the distance variable outweighed the desirability of 

explicitly representing the electronics industries and occupations. In all cases, 

2 

the resulting R was larger when the 1st tier variable was used in place of the 
electronics variables. 

Although the elctronics variables remain important, it is noted that the 
conclusions of Chapter 4 regarding the increased importance of the metal products 
and machinery and equipment Industries is clearly indicated by the presence of 
industries 344, 356 and 3634 (see Table 23). It should be pointed out that the 
increased importance of these industries is not the result of the elimination of 
the electronics industries (i. e. the presence of the 1st tier variable). This 


Is made clear by the following industi\,_yjff iable combinations which exclude the 
influence of 1st tier procurement. 


Industry Variables (SIC Code) 

Electronics Alone 

Both 

War i ables 

R^ 

R^^ 

Partial 

356 and 367 

.53 

.70 

.36, .25 

344 and 367 

.53 

.72 

. 25 . .41 

344 and 382 

.68 

.74 

.30, .19 

3694 and 382 

.68 

.75 

.23, .63 


For 1st tier regression analysis, none of the significant industry combinations 
included 34^*, 356 or 3694. Note too the change in occupation emphasis from 
Electronic Technicians to Metallurgical Engineers (see Table 23). Once again, 
the presence of the 1st tier variable accounts for the role of Electronic Techni- 
cians. However, the change in emphasis is evidenced by re-examining the individ- 
ual values in Table 22. The values for scientific and electronic occupations 
fell and those for Metal lurgical. and Mechanical Engineers increased as 1st and 
2nd tier distributions respectively are considered. 

Although the 2nd tier regression equations are more accurate "predictors" 

2 

than their 1st tier counterparts, the best R value (.86) is not as large as 
would be desired. As indicated, 1^% of the variation in 2nd tier procurement 
remains unexplained. The primary reasons for this are as follows: 

(a) The geographic concentration of subsystem awards in the Pacific 
and Northwestern regions. In Chapter 3 it was concluded that 2nd 
tier subcontracts arc more prone to concentration in the local re- 
gion. It was further concluded in Chapter 4 that subsystem projects 
are the primary sources of 2nd tier awards. As a result of these 
two factors, a greater (than 1st tier) share of 2nd tier procure- 
ment is concentrated in the Pacific, New England and Middle Atlantic 
regions. Since the share of awards to the East North Central re- 
gion also increases, the states in the remaining regions must ncc- 
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essarily receive proportT*»«ely smaller shares than at the 1st 
tier level of procurement. 

(b) The previously discussed aggregation problems associated with a 
three digit industry classification. Perhaps most illustrative 
of the need for a more detailed classification of space-oriented 
industries is the greater significance of industry 3694 { for 2nd 
tier multiple regression analysis) as opposed to the more general 
industrial category 369. Note that Industry 3694 is included in 

two of the six regression equations in table 25» while 369 appears 

it 

( 

in none. 

In light of the shortcomings of regression analysis on a state basis, it 
may be possible to achieve more reliable results through aggregation. For ex- 
ample, by using the Census division as a separate observation, !t is possible to 
average out the disproportionately high and low subcontract shares of the individual 
states. Unfortunately, In the present study the short time period of available 
data (4^ years) and the limited number of observations per time period (9) make It 
impossible to develop a meaningful regression equation on any basis other than by 
state. However, an alternative approach by region is available, and for purposes 
of reg tonal— analyst s and policy it provides more meaningful results. 

C . An Alternative Approach: Regional Forecasting by Prime Contract 
Regression equations are meaningful for regional analysis and policy decisions 
$0 long as the general subcontract distribution they describe is applicable to all 
prime contracts. In other words, there ts an implicit assumption that the sub- 
contract pattern of each prime contract is the same, and therefore, a given stats 
or region will receive a constant share of total awards. For 1st tier subcon- 
tracts, which can vary from a $10,000 award for engineering services or transitors 
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to a $291 cllllon award for the Surveyor Spacecraft, it is unrealistic to 

make an assumption of this kind. As was demonstrated in Chapter 4, subsystem 
and non-subsytem awards to some extent involve different industries and contract 
place of performance. As long as the mix of prime awards remains constant, the 
regression equation is useful for a first approximation of the share of total 
1st tier awards received by a given area. However, the subcontract pattern of 
a particular prime may not conform to the total subcontract pattern. Yet it is 
the procurement pattern of an individual prime which is important in determining 
the economic impact of a new space system award or the cutback in an old one. 

In response to these shortcomings, an effort was made to determine a consist- 
ent relationship between prime contract activity and the size and geographic dis- 
tribution of its procurement. To accomplish this purpose, only those primes in the 
present study which received cumulative awards of 100 million dollars or more, or 
let 50 or more subcontracts were examined. The cumulative award and subcontract 
cut-offs were chosen in order to include only those primes which were large enough 
to provide a comprehensive subcontract pattern. On the basis of the project 
descriptions of this group, six distinct prime categories were determined. Brief- 
ly, they are as follows: 

A. Major Space System 

These involve the largest most technically advanced hardware items associated 
with the primary goals of NASA. At the present time the major emphasis is on 
the Manned Lunar Landing project. Therefore, the prime projects included in 
this category are the Gemini Spacecraft (9"170), Lunar Excursion Module 
(9-1100), Apollo Spacecraft (9-150), Lunar Orbitor Spacecraft (1-3800) and 
Unnanned Exploration of Space (Surveyor Spacecraft) (7-100), The NERVA pro- 
ject (SNP-I) involves developing a nuclear powered rocket and is the only 
Major Space System prime which is geared for space projects beyond the lunar 
landing. However, the need for extensive technological break-throughs in 
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this area required an early beginning. 

B. Rocket Vehicles and Engines 

The rocket vehicle provides the housing, fuel and exhaust systems and guid- 
ance system for the variuos rocket stages. The rocket engines are the 
separate power sources. 

C . Feasibility Studies 

These include the initial research, design, development and prototype fab- 
rication for the more complex and technically advanced hardware items. The 
"follow-on” projects which are more concerned with fabrication, are included 
in one of the other categories. 

D. Unmanned Craft 

These are the data gathering spacecraft projects associated with atmospheric 
analysis. Examples include the Orbiting Astronomical Observatory and the 
'Tiros and Nimbus weather satellit es. Although these satellites involve 
sophisticated electronic capability, they do not require the same amount 
of research effort and subsystem procurement as other unmanned craft such 
as the Lunar Orbitor and Surveyor. For this reason, a separate category was 
created. 

E . Subsystems 

In some cases various major subsystem projects are procured under separate 
prime contract rather than through the space system contractor. For instance, 
the guidance system, ground computer system and instrument package for the 
Saturn V rocket were procured under separate prime. The same is true for the 
Apollo space suit and life support system, guidance system and certain rocket 
motors. 

F . Support Work and Facility Construction 

These projects range from engineering services and test stand construction 
to the complete integration and checkout system for Apollo. 
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The scope and complexity of the p\gig^ontract activity vary with each cate- 
gory. As a result, the size and nature of subcontract procurement also vary. The 
more encompassing and technically complex the prime project, the greater the em- 
phasis on subsystem procurement and the larger the subcontract ratio. The diff- 
erent emphasis on subsystem and non-subsystem awards is associated with the 
differences in geographic distribution which tv have discussed in Chapter 4. 

In an effort to more clearly differentiate the specific Implications for 
subcontract distribution, only the prime activities of the first three categories 
will be discussed. There are three reasons for this: j(a) The subsontract re- 
lationships in the Subsystem and Support V/ork categories are not stable. The 
subcontract ratios and geographic distributions fluctuate within too wide a range 
to permit conclusions which are consistent enough to serve as forecasting tools. 

(b) In the case of the Unmanned Craft category, there are too few prime contracts 
with large enough subcontract sample to provide a comprehensive sub pattern and 
ratio, (c) The first three categories involve the major portion of prime and 
subcontract activities. In the present study, they receive 72% of all prime awards 
between fiscal 19&3 and 1S66 and subsequently let 82% of the total 1st tier awards 
for the same time period. The comparative subcontract figures for the prime con- 
tracts in these three categories are found in Table 24. Their implications for 
forecasting the size and distribution of 1st tier procurement may be summarized 
as follows: 

A, Major Space Systems 

As was pointed out in Chapter 4, the scope and complexity of the major space 
system projects Is such that the prime contractor is unable to perform all 
of the associated subsystem activities. Consequently, the total subcontract 
awards of these primes are dominated by subsystem procurement. V/hereas, 
subsystem awards were responsible for approximately ^ of total 1st tier 
procurement, the share rises to between 61% - 91% for the Major Space System 
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REGIONAL 

DISTRIBUTION OF FIRST 

TIER AUARDS 

BY 


PRIME 

CATEGORY AND PRIIIE 

CONTRACT 


Prime Contract 

Prime 


Prime 

Prime- 

Prime 

Catesjorv 

Contract 

No. 

Contractor 

State. 

Proiect 

Major Space Syst. 

9-170 


KcOonnell 

Mo. 

Gemini Spacecraft 


9-1100 


Grumman Acft. 

N.Y. 

L. E. M. 


9-150 


No. Amer. Aviat, 

Cal. 

Apollo Spacecraft 


7-100 


Cal. Inst, of Tech. Cal. 

Unmanned Eitpl. of Space 


SNP-1 


Aerojet-Gen, 

Cal. 

Nuclear Power Rocket 


1-3800 


Boeing 

Wash. 

Lunar Orbltor 

Rocket Vehicles 






and Engines 

8-5608 


Boeing 

La. 

Saturn IC Vehicle 


8-4016 


Chrysler 

La. 

Saturn I&I3 Vehicles 


7-101 


Douglas Acft- 

Cal. 

Saturn IV'£iiIV3 Stages 


3-3232 


Gen. Dynamics 

Cal. 

Centaur Vehicle 


7-200 


N. Amer. Aviat. 

Cal, 

Saturn 11 Stage 


3-2555 


Aerojet-Gen. 

Cal. 

ii-1 Rkt. Engine 


8-5603 


N. Amer. Aviat. 

Cal. 

J-2 Rkt, Engine 


8-5604 


N. Amer. Aviat. 

Cal. 

F-1 Rkt. Engine 


7-162 


N. Amer. Aviat. 

Cal. 

li-1 Rkt. Engine 


8-5607 


United Acft. 

Fla. 

RL-10/A3 Rkt. Engine 


8-2690 


United Acft. 

Fla. 

RL-115/A3 Rkt. Engine 

Feasibility 






Studies 

7-1 


Douglas Acft. 

Cal. 

Saturn IVSIV3 Stages 


W-16 


N. Amer. Aviat. 

Cal. 

F-1 Rocket Engine 


8-19 


N. Amer. Aviat. 

Cal. 

J-2 Rocket Engine 


8-2577 


Boeing Acft. 

La. 

Saturn IC Vehicle 


8-5623 


United Acft. 

Fla. 

Centaur Vehicle 

Source: NASA 1st 

tier subcontract reports for the period January 1, 1962, to 

June 30, 

1966. 
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Table 24 continued 






Share to Middle 

Share to East 

Share to 

Subcontract 

Share to New 

Atlantic Region 

North Central 

Pacific P.egion 

Ratio (Z) 

England Region i%) 

(%) 

Region (%) 

CZ) 

54.5 

9,84 

12.14 

3.76 

40.72 

56.7 

24.98 

25.51 

3.69 

39,56 

37.3 

14.52 

9.79 

6.11 

37.36 

60.3 

2.05 

3.82 

.87 

65.26 

56.7 

2.66 

88.10 

1.71 

5.65 

50.0 

0 

93.53 

.15 

4.13 

15.5 

* ** 6.30 

■ 4.70' 

* 12.41 

34.62 

17.3 

■ 93 

.. 7.47 

.. .9.26 

— 31.91' 

11.5 

3.01 

5.25 

17.28 

47.54 

15.8 

1.08 

.12.10 

... 19.62 

... 17.14 

15, 9 

5.53 

3.59 

3.90 

65.46 

28.6 . 

6.18 

...3. 79... 

22.10 

- 61,09 

17.0 

2.26 

* 7.11 

6.22 

75.33 

21.4 

7.03 

2.05 

10.56 _ 

77.54 

14.4 * 

.74 

3.67 

21.39 

70.04 

16.5 

21.79 

.-48.82 

13.49 

10.87 

7.0 ■ * 

16.47 

31.69 

23.03 

13.02 
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category. Only the Centaur Vehicle prime (3-3232) in the second category 
falls into this range (72% of total subcontracts involve subsystem projects). 
This exception is primarily due to (a) the fact that the Centaur guidance 
system was procured by subcontract, while that for the Saturn V Vehicle (of 
which the other vehicle primes are a part) was procured under a separate 
prime contract, and (b) the Centaur prime covered the entire Centaur Vehicle, 
whereas the Saturn V Vehicle is divided into four separate prime contracts. 

The subsystem emphasis on research, design and development efforts plus 
the greater size of the project means that larger dollar commitments are 
necessary. As a result, the primes in this category are characterized by 
subcontract ratios which are considerably above that for all primes combined 
(3^). The ratios for all but 9-150 (Apollo) range between 50% and 60%, 
with three of the six at the 55% level. However, as indicated by 9-t50t 
these figures cannot be viewed as constants. They must be considered on a 
project by project basis and adjusted to account for additional factors such 
as a difference in prime contractor capability (given the nature of the pro- 
ject) and the extent to which the subsystems are procured under separate 
prime contracts. Within the time constraints of the present study, it is 
not possible to undertake a comprehensive analysis of the differential "in- 
house** capabilities of the prime contractors involved in flajor Space System 
projects. However, the fact that florth Amerirnn Aviation participates in all 
three major prime categories, while the other five f.'rr.s do not, provides at 
least a rough indication of its * ■ diversified capabilities. 

Although the difference in "in-house" capability plays f:ne role, it is 
doubtful that the extent of the role is enough to entirely account for the 
gap between the Apollo sub ratio and alt others. Instead it is felt that 
the most significant voriable is the fact that a number of the Apollo sub- 


systems were procured under separate prime contract. As a result, a larger 


percent of the prime award is spent on internal work (principally research, 
development and coordination activities). 

The subsystem emphasis on sophisticated technical and research capabilitie 
in the aircraft, electronics and ccm/nup i cat ions industries is consistent with 
the concentration of 80-95% of all 1st tier procurement in those divisions 
which contain one or more of the major space complexes (New England, Middle 
Atlantic, South Atlantic, and Pacific). Once again, the exception is the 
Apollo project. However, the reason is not inherent in the project. or the 
prime contractor. It Is merely that the necessary electronic and communi- 
cations capability is also prcaent in other areas. 

For purposes of determining a more specific subcontract distribution by 
region, it is necessary to separate the Major System primes into two groups. 
The first includes 7-100, SNP-1 and 3-3232 and is characterized by the pro- 
curement of one very large (relative to total procurement) subsystem project. 
In the case of these three prime contracts the single subsystem project re- 
ceived 48%, 85 % and 45 % respectively of total 1st tier dollar awards. The 
place of performance of the subsystem is a direct function of the industry 
involved. The scope, technical complexity and research efforts of these pro- 
jects (particularly 7-100 and SNP-l) are even greater than for other subsys- 
tems. Consequently, their performance is limited to only a fu'-/ more qualified 
firms. For the aircraft (7-100) and electronic (SNP-1 and 3-3232) projects, 
California and the Northeastern states respectively 5*^^® most lllcelji .-places 

of performance. " - • . . . j- 


In an effort to deronstrate the effect of separate subsystem procurement, the 
cumulative awards for the Apollo subsystem primes were added to the cumulative a- 
wards of the 9-150 prime and the 9-150 1st tier subcontracts. The subsystem pro- 
jects Included: the Apollo space suit and life support system and integration 
checkout system. The result was to raise the sub ratio from 37% to 50X. 
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The unique nature of the manned spacecraft projects makes them the basis 
for the second subgroup. No other projects involve the procurement of Hfe 
support, escape, voice communications, manual control and sophisticated re- 
covery systems. This wide variety of subsystems means that no one subsystem 
Is dominant. In the case of 9-150, 9-170 and 9-1100 the largest single sub- 
system received $2 million dollars compared to 291 million and 157 million 
for 7-100 and SNP-I respectively. The geographic distribution of awards for 
the second subgroup involves the following relationship (see Table 24 
for comparative figures), 

(1) Subsystem awards account for approx i mate) y^ 75% of total 1st tier 
- ( 

procurement (range between 7I%-85%) . 

(2) Subsystem procurement demonstrates a consistent breakdown of 50% for 
aircraft and 45% for electronics and communication (the exact ranges 
are 44-57% aod 39-53% respectively). 

(3) Approximately 95% (93-98% of all aircraft Industry awards go to the 
Pacific (California) and Northeastern complex areas. The aircraft 
specialization of the Pacific complexes Is responsible for a 75% - 20% 
division of aircraft awards between the Pacific and Northeast, The 
greater the emphasis on rocket motors and engines the larger the share 
to the Pacific. 

(4) Due to the greater geographic spread of capability in the electronics 
and communications industries, the geographic distribution of these 
awards is less stable. However, for ail practical purposes, the 
Pacific region does not participate at the subsystem level. The North- 
eastern states receive 45% of the total procurement for all three primes. 
However, for each prime the share ranges between 25% and 80.? 

(5) The distribution of non-subsystem procurement (amounting to approxi- 
mately 25% of the total 1st tier procurement) is primarily determined 


by the industrial emphasis relative to the home area capability in 
those industries. The primes located In either the Pacific or north- 
eastern "complexes" procured 55% in the home region, while the corres- 
ponding "non-cotrpl ex" (Hissourl) figure Is approximately 20%. The 
Pacific and Mortheastern states also received 23% and 15% respectively 
of non-subsystem procurement from sources outside their home areas. 

(6) Because of corrmon overflow fabrication and metal product needs, the 
East North Central division receives a stable 5% share of total 1st tier 
procurement (ranged between 4% and 6%), 

The conclusions for manned spacecraft primes can be summarized in numerical 
(% share) terms. Let: P = the cumulative prime awards for all manned spacecraft 

projects; Pj^ = the cumulative manned spacecraft prime awards In the home area 
(Census division or region depending on the dependent variable) ; Po = the cumula- 
tive manned spacecraft prime awards in areas outside the home area (Po = P - P^^) . 
Given these definitions the conclusions regarding subcontract distribution may be 
summarized as follows: 

.OifJ 

(1) Total 1st tier procurement to the Pacific division = .l4l (P) + SS5 
(P„) + .031 (Po) 

(2) Total 1st tier procurement to the Northeast region = .OSO to , i 73 

(P) + (P^) + .019 (Po) . The different coefficients for (P) depend 

on the share of total electronic and communication subsystem Procurement 
received by the Northeast. The two figures are associated with the ex- 
tremes previously discussed (25% and 80% respectively). 

(3) Total 1st tier procurement to the East North Central division = .025 

(P). 

Note that a (P) = share of total subsystem procurement and b (P ) + c (Po) = 
share of total non-subsystem procurement. One through three above are based on a 
50% subcontract ratio and a 75% ~ 25% split between subsystem and non-subsystem 
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procurement respectively, 

0. Rocket Vehicles and Engines 

The primary difference between this category and the previous one is the 
complexity of the prime activity. Although the main function of the prime 
contractor in both categoriesls R &D,coord I nat ion ,and fabrication, the com- 
ponent parts of the vehicles and rocket engines are smaller and significant- 
ly less complex. Whereas the Major System primes involved subsysteot projects 
which were beyond their “in-house” capabilities, the major share of vehicle 
and engine procurement is for what has been referred to as non-subsystem 
activities. Some subsystems are necessary for the vehicle projects, but 
these generally account for a relatively small share of total 1st tier 
awards (Range from 13.7% to 22.5%, The Center Vehicle 72.1% share has al- 
ready been discussed). The fabrication of ducting, heat shields, fuel storage 
tanks, connect and disconnect assemblies, control valves, 

fuel feed and exhaust systems are characteristic of the larger overflow and 
part fabrication projects. The emphasis on non-subsystem items such as these 
provides the rationale for the following suboDntract patterns. 

(1) Since the majority of fabrication work is done “in-house” and the 
subcontract projects are smaller and less complex, the subcontract 
ratio is significantly lower than in the previous category. In the 
present study, between 15 % and 20% of the vehicle or engine prime 
award is subcontracted (ranges between extremes of 7.1% and 28.6%). 

(2) As suggested by the previous examples of procurement, the metal 
fabrication and metal products industries are noticeably more impor- 
tant. This results in a greater subcontract distribution to the 
states in the East North Central reglonu<^. The East North Central 
combined share of total awards is approximately 10-20%. The actual 
figures range from a low of 3.3% to a High of 23. C%. However .there 



Is considerable scablllcy In the 10-20% range (see Table 24). 

(3) The home procureicent share resembles that of the non-subsystec) pro- 
curement in the Major System category, t-'hereas, the previous con- 
clusion was 55% and 20% for complex and non-complex areas respectively, 
the present category is characterised by a slightly higher complex 
figure (65%), particularly for the* California engine primes. This 

is primarily the result of a greater participation by local producers 
via the less demanding technical and research requirements of the 
subcontracted projects. 

I 

(4) With Che exception of the Florida prices, the share of awards to the 

i 

Northeastern states Is consistently in the 10-15% range. There is no 
apparent explanation for the extremely heavy procurement by Florida, 

The distance factor accounts for some of the difference, but not nearly 
enough. One additional explanation for prime contract 8-2690 Is the 
phasing of awards for its larger component parts. The prime contract 
was in operation one and a half years before the reporting system was 
initiated. Consequently, the reported subcontracts measure only the 
latter stages of the project. For all practical purposes, the prime 
was completed as of 1/1/64 (no new NASA obligations reported after 
that date). This also accounts for the lov/er subcontract ratio. Given 
the one and a half year time lag, it is entirely possible that a large 
portion of the subcontracting was completed before the postcard re- 
porting system was under way. 

(5) The share of total 1st tier awards to the Pacific region (California) 
bears a close relationship to distance. As the source of 1st tier 
awards moves from Florida to Louisiana to California, the Pacific region's 
share of total procurement increases from 10-15% (1/8) to 33% (1/3) to 
approximately 65% (2/3). Bot^ever, there is further evidence that distance 



is not the only Important factor. Vehicle projects 7-101 (Saturn IV 
and IVB Stages) and 3-3232 (centaur Vehicle) procured certain subsys- 
tem and large part items which were more tied to the location of key 
plants in other areas. Consequently, thetr home procurement shares 
fell below that suggested by the majority of California primes. 

Once again it is clear that the distribution figures are not able 
to provide "to-the-dol lar*' predictions. They are merely designed to 
give first approximations which must be adjusted for those factors 
which are not expl icitiy accounted for ( the presence of subsystem 
projects, different "in-house" capability and separate prime procure- 
ment of subsystem and large parts). 

C. Feasibil itv Studies 

As the name suggests, the prime contracts emphasize research, design and 
development as opposed to "follow-on" fabrication. Consequently, the most 
significant differences betvreen this category and the other two are a greater 
role of "in-house" activities and a subsequent tower subcontract ratio. Sub- 
contracts account for 5-lC% of the cumulative prime awards (ranges between 
3.2% and 9.0%). 

The subcontracting that occurs has the following distribution characteris- 
tics: 


(l) The size of home procurement is greater than any other category. 

This is consistent with the nature of the items procured. By 
virtue of the R & 0 emphasis, the subcontracts involve related items 
such as testing services and equipment, construction of facilities 
(testing and laboratory) and engineering services. These items are 

Examples of these items are: the Centaur guidance system, a computer data re- 

duction system, a hydraulic pump and various control motors and engines. 
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tnore I ike I y to be suppled at the local level than are the no re com- 
plex subsystem and large part projects associated with the fabrica- 
tionstage. However, it must be pointed out Chat, although the Feas- 
ibility Study awards are characterized by greater procurement in the 
home region, the extent of procurement under a particular prime con- 
tract is determined by the type of subcontract items contracted for. 

If subsystem or large component part projects occur (7~1 , 8-2577 and 
8-5623), there is a play-off between home procurement and the ’’complex- 
es". Comparative figures demonstrating the magnitude of this play- 
off are only available for California. In this case the home procure- 
ment share dropped from approximately 80% to 55% » or a loss of 25 % 
of total procurement (see Table 24). At the same time, the share of 
. awards to the Northeast "complexes" rose from approximately 5% to 
35%. 

.(2) The distribution of awards beyond-the home area follows essentially 
the same pattern as the "follow-on" project, with the exception of a 
somewhat smaller share of awards to the East North Central and the 
complexes (see Table 25). Again, this is consistent with the rela- 
tively minor emphasis on fabrication (ie, there is less need for the 
electronic and metal component parts supplied by the firms in these 
areas) . 


0. Criticisms of the Alternative Approach 
The value of the conclusions reached in A. through C. above is open to ques- 
tion on the grounds that in the future one of two factors may lead to a change 
in the geographic distribution of subcontract awards: (a) The present prime 

contractors may be replaced by new ones who subcontract differently (in a geo- 
graphic sense) even though engaged in the same prime activities. (b) The present 
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TABLE 25 

COMPARATIVE DISTRIBUTION FIGURES FOR 
FEASIBILITY STUDIES AJID FOLLOW-ON CONTRACTS 


Prlne Type and 
Contract flunber 


Subcontract 

Ratio 

(%) 

Share to Share to 

East North Coraplexes 

Central Region Outside Home 
(%) Re Sion (%) 

Share to 
Home 
Region 
(%) 

Feasibility Study 

(W-16) 

9.0 

6.3 

4.9 

83.5 

Follow-on 

(8-5604) 

21.0 • 

10.6 

8.6 

77.5 

Feasibility Study 

(8-19) 

8.6 

3.7 

5.1 

81.8 

Follow-on 

(8-5603) 

17.0 

6.2 < 

8.6 

75.3 

Feasibility Stiidy 

(7-1) 

3.2 

it 

2.9 f 

36.2 

54.8 

Follow-on 

(7-101) 

11.5 

17.3 

12.3 

49.0 

Feasibility Study 

(8-2577) 

4.5 

20.8 

13.5 

20.6 

Foliow-on 

(8-5608) 

15.5 

12.4 

45.6 

13.9 

Feasibility Study 

(8-5623) 

■ 3.‘3 

16.6 

U.6 

35.1 

Follow-on 

(3-3232) 

15.8 

20.7 

57.5 

17.4 


Source: NASA first tier subcontract reports for the period January 1, 1962, 

to June 30, 1966. 



prime contractors may subcontract differently. 

There is no way to say for sure that either or both of these situations will 
not occur. Nor would the present study deny that to some extent each prime 
contract is unique and therefore, can be expected to subcontract in a slightly 
different manner from all the rest. However, on the basis of available subcontract 
data, it is that enough stability exists within each prime category to allow 

certain generalizations regarding the expected size and distribution of 1st tier 
procurement. As pointed out earlier, these generalizations will not allow perfectly 
accurate predictions, but it is felt that they do provide a more detailed insight 
into the factors affecting sub-distribution than presently exists. In defense of 
this position, the following observations are made; 

A. In carrying out its space efforts. NASA has consistently relied on single 
large prime contracts for procuring the major space systems (Mercury, Gem- 
ini , Apollo, tEH and the Saturn V vehicle stages). As a result, the qual- 
ifying firms are limited to those few with the proper balance of technical, 
research and management capability and experience to undertake the design, 
development and coordination of a complete space system. In addition, the 
nature of these space systems is such that they are best suited to the 
existing technologies of the aircraft and electronics industries (see the 
discussion of prime firms and functions in Chapter k) . In light of these 
observations, it is not surprising to find that the top ten prime contractors 

are atrong the largest firms in both industries. The same firms have been 

68 / 

Included in the top 12 prime contractors since fiscal I9&2. — Barring 
a sudden change in MASA policy (regarding the use of total space system 
procurement) and assuming that rocket boosters, manned and unmanned space- 

68 _/ 

See the Annual Procurement Reports of the National Aeronautics and Space 
Administration, fiscal years I 96 I through 1966, 


craft continue to be the major hardware items, tt is very likely that the 
same "key" aircraft and electronics firms will serve as the top prime con- 
tractors. This is especially so in view of the significant barriers to 
entry in either industry, particularly at the level necessary to carry out 
large scale space system projects. 

B. The subcontract data in Table 24 suggest that in the event different 
firms do participate at the prime level, their subcontract patterns would 
generally conform to those of the other firms performing the same tasks. 
Note the change In subcontract ratio and geographic distributionof awards 
for North American Aviation as it performs in all three prime categories. 
Within a given category its subcontract ratio and geographic distribution 
of awards are very similar to those of other prime contractors. The 

same is true for Boeing and Aerojet-General. On the basis of these exam- 
ples, it does not seem reasonable that a change in subcontract distribu- 
tion would necessarily accompany a change in prime contractor. For exam- 
ple, all liquid propellent rocket engines have common component needs. The 
component specifications may differ, but the product is basically the same. 
Therefore, unless there is a significant relocation of firms, these common 
needs will be met in the same geographic locations as now. 

C. The figures In Table 24 also indicate that the present prime contractors 
will nxjre than likely subcontract the same way in the future. Unfortun- 
ately, the limited time period of available data prevents a time series 
approach to this issue. However, a cross section of different rocket en- 
gine primes performed by North American Aviation indicates that within 

a prime category, a contractor"s subcontract pattern will not vary to any 

69/ 

great extent as the hardware item changes. The amount of variation 

69 / 

— The appropriate prime contracts are: 8-5603 (J-2 rocket engine), 8-S6o4 (F-1 

rocket engine) and 7-162 (H-1 rocket engine). 
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from contract to contract is minimal: 

(1) Subcontract ratio = to 21.^ 

(2) Home division procurement » 70.0% to 77.5% 

(3) Complex area procurement = IhMU to 86.1% 

£. Second Tier Predictions By Region 

Thus far the attempts to forecast subcontractdlotribution have been confined 
to 1st tier procurement. Unfortunately , the project classification approach used 

in predicting 1st tier distributions is not applicable at the 2nd tier level. As 

J 

discussed in Chapter 2, there is no way to correctly associate a given 2nd tier 

;; 

f 

subcontract award to a particular 1st tier project. It is possible to associ- 
ate 1st and 2nd tier contractors, by means of their contract number, but many 
1st tier contractors perform more than one project in the same geographic .lo- 
cation. 

In an effort to approximate the industrial nature of 2nd tier procurement 
from a given area, it will be assumed that all awards originate in the subsystem 
projects performed in that area (recall that the major source of 2nd tier awards 
is the subsystem projects). For instance, it is reasonably accurate to assume 
that the 2nd tier awards from the West North Central, South Atlantic (Florida) 
and Mountain regions would have an electronics orientation. In each case, the 
total 1st tier awards received were dominated by a few large subsystem projects 
in the elctronics and communications industries. Using the 1st tier subsystem 
awards as a basis, the industrial emphasis of each region's 2nd tier procuremeni 
may be classified as fol lov;s; 

A. New England and Middle Atlantic - Each region received subsystem awards 
in the three major industry categories (electronics, communications and 
aircraft). As a result, their 2nd tier awards may be classified as both 
electronic and non-el ectronic, with a bias in the direction of the former 
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category. 

B. East North Central - non-electronics (metal fabrication and metal products) 

C. West North Central - electronics 

0. South Atlantic - electronics 

E. Pacific - both, with a bias in the direction of non-electronics (aircraft 
related) . 

The conclusions to follow will concern the share of 2nd tier procurerent re- 
ceived by the Northeast and Pacific regions. The reason is simply that these 
areas are the main centers of 2nd tier subcontract activity. On the basis of the 
2nd tier procurement patterns in Table 8, the following distribution relationships 
are revealed: 

* A. Home procurement for the Northeast and Pacific areas is 2/3 and 3/k re- 
spectively. 

B. Together, they receive 75-80% of al i 2nd tier dollar awards let outside 
the borders of the other regions. The exact shares are as follows: 


East North 

Central 

= 77.4% 

West North 

Central 

= 77.8% 

South Atlantic 

= 74.6% 

Mountai n 


= 83.1% 


C. Their share of *j\<i tier procurement received from other divisions can be 
stated more exactly according to the industrial nature of the awards: 

(1) The Northeast and Pacific regions receive 25% and 35~50% resoec- 
tively of the larger more technical awards and particularly those 
with an electronics emphasis (see the procurerent patterns of the 
V/est North Central, South Atlantic and Mountain regions). 

(2) Each receives approximately 10% of non-electric awards (see the 
East North Central procurement), and a like share of all awards 
from each other. 
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CHAPTPft_-¥l 

SUMMARY AHO COtiCLUSlOMS 

On the basis of the prime and subcontract data for the period January 1, 1962 
through IS66, it is concluded that the 1st and 2nd tier subcontract pro- 

grams provide a wider and less concentrated distribution of MASA dollars, parti- 
cularly at the state level. However, the extent of the redistribution (as re- 
flected by the total net distribution of prime awards) is only of marginal 
significance at the more aggregate regional level. 

Since the major sources of subcontract procurement are concentrated in rela- 
tively few states (California, New York, Louisiana, and Missouri let 88.2% of all 
)st tier awards in the present study), it is not surprising to find that on a 
state basis the subcontract program provides a significant geographic redistribu- 
tion of funds. However, it should be recognized that part of the reason for 
this is the fact that states such as Connecticut, Massachusetts, Pennsylvania, 
Ohio, and Michigan did not receive a share of prime awards (in the present study) 
gQ^parahle to their share of all NASA primes. Consequently, these states become 
net "importers" of subcontract awards to a greater extent than if their nomal 
"export" share would have been included. 

magnitude of the redistribution of funds on a state basis did not carry 
over to the region. In mes t cases the effect of subccntracting amounted to a 
change rf J55 or less in the regional share of total NASA dollars received. The 
net "export" position of one state in a given region was matched to a large extent 
by the net "Import" position of another. The notable exceptions arc the Pacific 
and Hew England regions, where the 3.8% (of NASA prime awards) not loss of the 
Pacific it> accompanied by a 3.0% net gain for New England. However, the effect 
of the change in net shares is minimal when the New England, Middle Atlantic and 
Pacific roiilcns are considered together. The three regions received 72% of all 



prime aii^ards and were the source of 76% of all 1st tier procurement. Yet their 
combined net loss through subcontracting aiaounted to only 1.25% of their original 
prime at^ards. It would appear that just as the loss of one state in a region 
tends to be matched by the gain in another, the loss by one of the major centers 
of space activity (Pacific) Is matched by the gain of another (New England). As 
a result, approximately 3/4 of all NASA procurement is confined to a three region 
(6 state) geographic area. 

One of the factors responsible for the limited geographical redistribution 
of NASA funds is the relatively small share of total prime contract awards 
spent outside the firm. The subcontract ratio for total prime contract procure- 
ment In this study amounted to 34%. That is, 66% or approximately 2/3 of all 
prime awards remained "in-house'^. One reason for this situation is that the 
majority of space hardware items require designs, parts, materials, and occasionally 
technological break-through In areas which are not often involved in commercial 
production. For example, the experience in providing strategic aircraft and mis- 
sile systems for Che Department of Defense has given the large aircraft firms an 
edge in competing for those space systems involving similar hardware items such 
as rocket vehicles, rocket engines and spacecraft. However, the need for greater 
compactness, adaptations for extreme temperature changes, the integration of more 
subsystems, nuclear and solar energy propulsion systems, plus other modifications 
means that even for the most directly adaptable industries and firms, space work 
necessitates substantial outlays for research, design, development and testing 
activities. Since most of these activities are associated with planning and 
fabrication of the final hardware item, they generally are performed by the prime 
contractor's staff. In fact, the size and capability of these staffs (technical, 
research, and managerial) are key factors which are weighed in selecting among 
alternative contractors. 


The emphasis on E & D efforts Is not the only reason for the low 1st tier 
subcontract ratio. The prime and 1st tier contract data examined in the present 
study indicate that the extent of subcontracting varies with the particular prime 
project. Consequently, the 34 a subcontract ratio is not the result of a stable 
prime - sub relationship for all space systems. Actually, a 34% subcontract 
ratio is consistent with only one of the major prime contracts, the Apollo space- 
craft. It Is the single largest project, but does not dominate the total sub- 
contract pattern. Apollo accoimts for 21% of total 1st tier procurement. Clusters 
of subcontract ratios exist at extremes on either side of the 34% figure. The 
22 prime contracts discussed In Chapter 5 (which let 82% of all 1st tier dollar 
awards) were characterized by stable subcontract ratios in the 3-20% and 30-60% 
ranges. It was further concluded that the presence of these extremes was the 
result of a difference, in project emphasis regarding the number and size of major 
component parts. To reduce the errors associated with a subjective classification 
of subcontract activities, only two categories were considered, subsystem "and non- 
subsystem. 

Basically, subsystem activities are characterized by large, highly complex 
projects which, by virtue of their complexity, require much the same degree of 
research, design and development as prime contract projects. As a result, they 
necessitate large scale funding over extended periods of time. The subsystems 
Included in the present study received cumulative awards ranging from approxi- 
mately $10 million to $291 million. The non- subsystem activities are associated 
with the opposite situation. The items procured are reduced in scope and 
generally are accomplished with nininal preliminary R 4 D efforts. As a result, 
less of a dollar outlay is necessary. In the present study, only one project 
received cumulative awards in the 10 million dollar range. The majority received 
two million dollars or less. The comparative effect of subsystem and non- 
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subsystem activities on the size of the subcontract ratio is commensurate with 
their dollar outlays. The major space system prime contracts, which were most 
subject to subsystem procurement, consistently had subcontract ratios in the 
50-60% range, while the rocket vehicle and engine projects rarely exceeded 20%. 

The size and number of subsystem projects must be considered in relation to 
two other factors, namely the "in-house" capability of the contractor and the 
extent to which the subsystems are provided under separate prime contracts. For 
example. North American Aviation CApollo), Grumman Aircraft (LEM) and McDonnell 
(Gemini) received prime contracts for manned spacecraft hardware which Involved 
essentially the sane emphasis on subsystem activities (life support, voice 
communication, escape and survival, and landing and recovery) . However, the 
broader space responsibility of North American (vis-2i-vis rocket engine and 
vehicle work) during the period covered by this study, and the separate prime 
contracts for certain Apollo subsystems (life support, guidance and checkout) led 
to a 37% subcontract ratio compared to 56% and 54% for the Grumman and McDonnell 
projects respectively. When the value of the separately procured Apollo sub- 
systems was added to the prime and subcontract awards, the subcontract ratio rose 
to a more representative 50% level. 

The 34% subcontract ratio for 1st tier procurement dropped to 20% at the 2nd 
tier level. The less complete 2nd tier contract reporting and, more importantly, 
the absence of subsystem procurement are responsible. The Implication for regional 
Impact analysis is quite clear. If a region Is unable to participate at the 
prime and 1st tier levels, the chances of receiving sizeable awards at succeedin.'; 
levels of procurement become substantially less. For all practical purposes, the 
major economic impact of space activities is at the prime and 1st tier 
procurement levels. 



Although the exteat of "in-'house*' activities is a major factor contributing 
to the absence of a significant redistribution of prime contract procurement, it 
does not explain why Che 34% which was subcontracted did not involve a greater 
geographical distribution. The answer to this question goes to the heart of the 
problem concerning this study, namely, what factors determine the geographic 
distribution of subcontract procurement. In answer to this question it is 
concluded that three primary forces shape the geographic distribution of sub- 
contract awards: (a) the industries in which the subcontracts are 'performed, 

(b) the geographic distribution of production capability in these Industries, and 

I 

(c) the degree of technical, researeft and .scientific sophistication required to 

>1 

I 

perform the subcontract activities (the subsystem and non-subsystem nature of 
the.avirards). . ' * : - ' 5 - . 

irihe relationship between the -industrial orientation of subcontract -activities 
and their. geographic distribution is fundamental. Those states or regions which 
possess -a concentration of .productive capacity in a particular industry are able 
to compete core effectively for the subcontracts involving that Industry (via a 
greater number of 'firms and/or the presence of the'larger firms "with more 
diversified capability). Esanples of areas of speclallzed'capablllty *ln the 
Industries most relevant to space work Include: (a) California, with general 

capability in most relevant industries '(electronics',' coffiBuiiications," “Instruments 
and research labs), and especially ability, to handle aircraft-related projects 
such as thrust chambers, landing and recovery systems, propellent tanks, fuel 
feed and exhaust assemblies, motors and engines, (b) Connecticut, with similar, 
though less complete, aircraft-related capability, (c) Massachusetts, with 
electronics strength, (d) the Middle Atlantic region, with electronics, 
communications, measuring instruments (physical and research), and computer firms, 
and (e) the East North Central region and Pennsylvania, with metal, fabricated 
metal products, and Industrial machinery companies. 
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The subsysteta enphasis on large, complex projects requiring extensive k & D 
efforts has a definite impact on the distribution of these awards as well as 
total 1st tier procurement. The major characteristics of that Impact are as 
follows; 

A. Because of its size (In terms of cumulative awards), subsystem procure- 
ment plays a major role In determining the level and distribution of total 
1st tier procurement. The six prime contracts in the major space system 
category subcontracted 68% of the total 1st tier awards, and between 61 and 
91% of their procurement Involved subsystem activities. As a result, sub- 
system procurement accounted for 51% of all Ist tier awards Included In the 
present study. The distribution of 1st tier awards is therefore heavily 
influenced by the subcontracting decisions of a few space system prime con- 
tractors, and the geographic distribution of their subsystem activities. 

However, because the subsystem share of total 1st tier procurement is limited 
to 51%, its importance in determining the total 1st tier distribution is not 
as great as is implied in earlier studies. 

B. The concentration of prime contract awards in the aircraft, electronics, 
and communication industries (16 of the top 20 prime contractors are in 
these industries) carries over to their subsystem activities. In the present 
study, 94% of all subsystem procurement was performed in these three industries. 
The aircraft, electronics, and communications industries respectively re- 
ceived 53%, 30%, and 11% of total subsystem dollar outlays. 

C. The similarity of industry and function between prime and subsystem ac- 
tivities is associated with a similarity of firms. All but 4 of the top 20 
subsystem firms (which received 91% of all subsystem awards) were included 
among the top 50 prime contractors. 


The concentration of prime contr^t awards In the aircraft Industry and 
the approximately even split of subsystem awards between aircraft and 
electronics plus cocmtuni cat Ions meant that most of the firms functioned 
primarily as subcontractors. In other words, they received larger ciirmlatlve 
dollar awards from subsystem activities. However, of perhaps greater im- 
portance is the fact that the bulk of all prime and subsystem activities 
are performed by a close network of firms. 

This has two implications for regional impact analysis: (1) The geo- 

graphic distribution of subsystem awards appears to be much more heavily 

I 

Influenced by the quality (as measured by the presence of firms with ex- 

r 

tensive R & D capability and experience) than by the sheer amount of in- 
dustrial capability. This distinction helps to explain why the West North 
Central region (with 3.5Z and 3.8% of total United States employment in 
the electronics and communications industries respectively) was able to _ 
attract 11.0% of total subsystem procurement while the East North Central 
region (with 20.2% and 26.8% of electronics and communications employment) 
received only 1.8%. Collins Radio in Iov?a and Honeywell in I-linnesota possess 
strong technical and research capability for producing space subsystems. 

(2) The similarity of prime and subsystem firms results in a common geo- 
graphic distribution of awards. The New England, Middle Atlantic and Pacific 
regions together, which received 70% of the sample prime awards, obtain an 
even larger share (79%) of the resulting subsystem procurement. Consequently, 
those regions which are unable to participate in a substantial way at the 
prime contract level seem to have even less success in participating in 
subsystem procurement. 

D. Because subsystem procurement is tied to the plant location of a feu key 
firms, the distance variable is of no particular significance. The need 
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for sophisticated research capability outweighs the advantages of reduced 
transportation costs and nearness to market. Subsystem awards move freely 
from coast to coast In response to the location of the "key’* R & D firms. 

In the present study, 75% of all aircraft-related subsystem dollar awards 
are perfonaed In California even though 52% originated in Missouri and New 
York. The same is true for the New England and Middle Atlantic regions. The 
two received 46% of all electronics and cosmunications subsystem procurement, 
with 54% of that amount originating In other regions. Since distance is of 
only marginal significance, the importance of home procurement is relevant 
only to the extent that the home region possesses one or more of the "key" 

R & D firms. 

The "off-the-shelf" nature of non-stibsystem procurement is characterized 
by smaller and less research-oriented activities. ~The uniqueness of space hard- 
ware needs requires product adaptation and redesign, but extended periods of re- 
search and development are not required for non-subsystem activities. The emphasis 
on component parts, materials, and services is associated with the following 
implications for the geographic distribution of awards; 

A. The non-subsystem activities are less tied to the specialized R & D capa- 
bilities of a few "key” firms. Consequently, a larger number of firms in a 
wider geographic distribution are able to participate. The top 25 non- 
subsystem firms received 33% of total dollar awards compared to 70% and 
96% for the top 25 prime and subsystem firms respectively. This does not 
mean that a difference in firms necessarily accompanies the change in functlon. 
Of the top 50 non-subsystem firms, 20 were among the top 50 prime firms and 
17 among the top 25 subsystem. However, the extent (dollar share of total 
non-subsystem awards) of their participation is smaller than in the case of 
prime or subsystem procurement. 



Since tcore firms can effectively compete, the resulting geographic dis- 
tribution of awards Is less concentrated. This is reflected in the com- 
parative figures for those regions which did not participate, to any great 
extent, in subsystem procurement. The ccmtblned share of the East North 
Central, East South Central and West South Central regions Is .9% of sub- 
system and 19.8% of non-subsystem procurement. It is clear that the non- 
subsystem procurement is primarily responsible for the greater geographic 
spread of subcontract procurement. The preceding {subsystem) and succeeding 
(2nd tier) subcontracting is more concentrated. 

It must be recognized that some of the overflow fabrication and part 
projects are large and complex enough to be limited to the more specialized 
or larger capacity firms. However, these awards do not dominate total non- 
subsystem procurement. 

B. Because non-subsystem projects Involve more standard production activities, 
the advantages of nearness to market and the role of transportation costs 
(l.e. the Importance of distance from the prime contractor) become nore 
influential indetemlning thegeographlc distribution of awards. Consequently, 
the local or home region producer has a competitive advantage via lower 
transportation costs and reduced delivery time, particularly for materials, 
services, and smaller component parts. The home region share of procurement 
for the major sources of 1st tier subcontracts Increased significantly as 

the Influence of subsystem procurement was removed. 

C. Although the role of distance is considerably more important, the need 
for some product adaptation and specialization means that a region’s relative 
industrial capability remains a major factor in determining its share of 
procurement. The ability of the Sew England, Middle Atlantic, and Pacific 
regions to continue to receive sizeable shares of non-subsystem awards 



(37% from Missouri and 42% from Louisiana) reflects the fact that the air- 
craft and electronic parts, electronic equipment, and testing services were 
more readily supplied by these areas of specialization. The three regions 
received 66% of all non-subsystem awards. However, some shift In industrial 
emphasis is evident. Since parts and materials are more associated with the 
fabrication stage, the non-subsystem activities have a greater tendency to 
involve metal materials, fabricated metal products, instruments, gages, and 
industrial machinery. By virtue of its specialization in these industries, 

~ a larger share of non-subsystem awards flowed to the East North Central 

I 

region (.9% of subsystem compared to 9.0% of non-subsystem procurement). 

I 

In the present study, 2nd tier subcontract procurement was found to be en- 
tirely of a non-subsystem nature. As a result, the previous conclusions re- 
^rdlng the importance of distance, the role of home region procurement: and the 
larger share of awards to the East North Central are equally applicable. However, 
the following additional observations were made": "■ -- .r *■ 

A. The primary sources of 2nd tier procurement are 1st tier subsystem pro- 
jects. Because of data limitations, it is not possible to directly associate 
2nd tier procurement with a given 1st tier project. Hovrever, each of the 

- primary sources (states) of 2nd tier awards was a recipient of one or more 
large subsystem contracts. The combination of this and the increased role 
of home procurement is partly responsible for the greater 2nd tier regional 
concentration. This is particularly true for the Middle Atlantic and Pacific 
regions which let 26% and 37% of all 2nd tier dollar awards and procured 
66% and 78% in their home region. 

B. The large net "import'' positions of the East North Central and Pacific 
regions and net "export" position of the West North Central region suggest 
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ciiat the Industrial ccipliasis is at least as iziportant as distance. The in- 
creased share to Che East Eorth Central region has already been accounted 
for by the wider participation of metal and metal products and machinery 
industries. The low level of home procurement for the i/est Uorth Central 
region is the result of the electronic nature of the subsystem activities 
in Iowa and Minnesota. The electric component) electric equipment and 
testing capability of the home region is smaller than that located on either 
Coast. Consequently, the Pacific and Northeast regions respectively re- 
ceived 46% and 26% of subcontract dollars let by firms in the West North 
Central region. 

The large share of electronics procurement in the Pacific region is 
interesting since its share of prime and 1st tier procurement was primarily 
confined to the aircraft Industry. The implication is that while California's 
electronic capability is sizeable, it is limited to the less complex ac- 
“''tlvltles. The larger more technical prime and subsystem projects are confined 
primarily to the East Coast complexes. 

The t^ew England, Middle Atlantic, and Pacific regions are the major centers 
of NASA contractor activity. Their combined share of total procurement at each 
level Is as follows: 


Procurement Activity 


Share C%) 


NASA Prime Universe 


64.3 


NASA Prime Sample 


72.1 


All 1st Tier 


73.0 


A. Subsystems 


79.5 


B. Non- sub systems 


66.2 


All 2nd Tier 


75.8 


These figures indicate that within the three regions there is a concentration 
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of subsystem aad non-subsysteo capability in the aircraft, electronics and com- 
munications industries. On this basis, there is reason to conclude that the 
military "S & D complex” areas discussed in studies by the Stanford Research 
Institute apply equally as well to NASA procurement. This is certainly the case 
for the Los Angeles and San Francisco complexes in Callfcmla and the Boston and 
Northern New Jersey - New York City complexes In the Northeast. In addition, 
there Is evidence of an additional complex In the Cape Kennedy area of Florida. 
It Is less extensive and more dependent on the branch plants of a few "key" 
firms (Radiation, Honeywell and Electro Mechanical Research), but Is able to at- 
tract a significant share of procurement at the three levels examined in this 
study (Price = 4.5%, 1st tier *= 4,5% and 2nd tier = 2,7%). The presence of a 
complex in the Cape Kennedy area is consistent with the emphasis of all major 
space efforts on final checkout and launch activities. 

Because the complexes are the primary centers of space procurement, there 
is some degree of competitiveness among them. Over the four year time period 
of this study the share of 1st tier procurement received by the five ccanplexes 
remained stable (64% to 68%). However, the amount received by a particular 
complex varies as the larger prime contracts move into different phases of their 
project. Variation in the share of total procurement to the East and West Coast 
complexes Is primarily a function of the Industrial emphasis. V^th a greater 
emphasis on subsystem and overflow work in the aircraft industry, the share of 
total awards to the Pacific complexes increases at the expense of those on the 
East Coast. The opposite is true when the emphasis is on the electronics or 
communications industries. There is further evidence of competition between the 
East Coast complexes for electronic and communications subsystems, ’vhen the 
share of awards received by one region increases, chat of the other decreases 
proportionately (assuming the total amount remains constant). 
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The statistical technique of aultiple regression analysis was employed to 
develop a means of predicting 1st and 2nd tier subcontract distributions given 
the size of the prime contract awards. From the results, it was concluded that 
the 1st tier dlstributioa by state cannot be accurately predicted on the basis 
of each state's share of industry employment and occupational variables. The 
primary reason for this is the major role of subsystem procurement. As stated 
earlier, these awards are tied to the location of "key” R & D firms. Conse- 
quently, the distribution of subsystems is not necessarily correlated with a 

state's relative capability in a given Industry. The best regression was a 

; 

combination of the state share of electronic technicians olus employment in 

i 

industry 382 (Measuring and Indicating Instruments). The was .79 and the 

beta coefficients were significantly greater-than 0 at a .025 level of slgniflcani'e. 

By virtue of the emphasis on non-subsystem procurement , 2nd tler'regresslon 
equations generally provided more accurate predictions. It will be recalled that 
non-subsystem procurement is more responsive to the general industrial capa- 
bility of an area. Of particular importance in this respect is the larger share 
of 2nd tier awards to the East North Central states. The best regression equation 
contained the state share of employment in industry 3694 (Electrical Equipment for 
Internal Combustion Engines), Metallurgical Engineers, and the distribution of 

total 1st tier awards. The 1st tier distribution was a proxy- variable for 

2 

distance and the electronics and Instruments industries. The R was .86 and the 
partial correlation coefficients were significantly greater than 0 at a .025 
level of significance. 

An alternative approach on a regional basis was offered as a more accurate 
method of forecasting. The primary objection to the multiple regression ap- 
proach was chat it did not reflect the difference in 1st tier subcontract 
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dlscrlbutlons which results froo the different prime contracts. The predicted 
distributions were only valid for the entire subcontract program and even then 
they held only so long as the mix of prime contract activities did not change. 

To correct this deficiency, the alternative approach provided regional distri- 
bution forecasts based on three different prime contract categories. In each 
category the prime contracts consistently placed a different emphasis on sub- 
system and non-subsystem procurement and "in-house" capability and the extent of 
subsystem procurement under separate prime contracts. Becau&c the maTmeJ opaee- 
craft projects are the major sources of 1st tier subcontracts (the three in the 
present study accounted for 44% of the total dollar awards) , an attempt was made 
to formulate a forecasting model for the prime contracts in this category. The 
forecasts were limited to the most important centers of 1st tier activity, namely 

the Pacific and Northeastern regions. The resulting equations are as follows: 

.c4<? 

(1) Total 1st tier procurement to the Pacific region ■= .141 (P) + G93 
(Pjj) + .031 (Pq) 

.(2) Total 1st tier procurement to the combined New England and Middle 

.o<.« ‘ 

Atlantic regions =» .080 to .173 (P) + fS39 (P„) + .019 (P.) . 

n U 

I'Jhere P = the cumulative prime awards for all manned spacecraft 
projects; P^^ = the cumulative manned spacecraft prime awards in the 
home region; and P^ = the cumulative manned spacecraft price 
awards in all other .areas .outside the home region. A 50% sub- 
contract ratio and a 75%, 25% split between subsystem and non- 
subsystem procurement is assumed. 

Tne first variable in each equation represents the share of total subsystem 
procurement (let by manned spacecraft primes) received by a given region. The 
different variable coefficients for equation 2 depend on the share of total 
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electronlc and coonnunlcatlon subsystems to the Northeast. Together, the second 
and third variables represent the share of total non-subsystem procurement (let 
by manned spacecraft primes) received by a given region. 


ADDITIONAL STUDY AIID DATA HEEDS 

A. The basic conclusions described above have their greatest application in 
the area of regional economic analysis. As was pointed out in the intro- 
duction, the available studies on the regional impact of Federal procurement 
consistently have dealt with the subcontracting program on the basis -c£ the 
employment distribution of "key" industries and a general assumption as to 
the size of the subcontract ratio. In the present study, it was pointed out 
that the subcontract ratio is highly variable and that although there Is a 
definite correlation between "key" industry employment and subcontract lo- 
cation, the resulting regressions have limited application on an individual 
contract basis. 

Consequently, further study is needed in an effort to integrate the 
Manned Spacecraft forecasting models into a regional employment or income 
model similar to those developed by Peterson and Tlebout and Se-Hark P-ark .^O/ 
The subcontract ratio and geographic distribution relationships would provide 
a first approximation of the net final demand to the Pacific and Northeastern 
regions. In addition, the industry breakdotra of subsystem procurement would 
provide a starting point for calculating the direct and indirect employnent 
and income effects resulting from the change in demand of the major sub- 
system suppliers. An input-output table could be used for this purpose. 

B. Since Department of Defense procurement represents a much larger dollar 
outlay than NASA, it is luportant to know to what extent the subcontract 
distribution conclusions reached in the present study apply to DOD prime 


-^R. S. Peterson and C. M. Tlebout, or. cit . and Se-Hark Park, oo. cit. 
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coatract activities (particularly chose involving extensive R fit D efforts). 

As pointed out in Chapter 3, the conclusions of the SRI study of DOD awards 
bear a striking similarity to those for NASA developed by the present study. 
This is especially so with regard Co Che major role played by the Northeast 
and Pacific Coast "complexes". Hoi/ever, more comparative work must be done 
in order to determine the extent of such a similarity. It would be inter- 
esting to see if the relationship between the nature of DOD prime activities 
and Che resulting sub distribution is Che same and as consistent as for NASA. 

C. liore work is also needed on NASA procurement patterns. Of special Im- 

I ■ 

portance is a larger more representative sample of 1st tier awards from 
primes in the New England and East North Central regions. This is particularly 
important for the conclusions regarding: 

(1) The role of nearness to "complex" areas as a determinant of 1st 
tier distributions. The subcontracting patterns of Che California 
and New York primus generally support Che contention Chat prime con- 
tract iocatloir-lii^or near complexes leads to large scale subcontracting 
in Chose areas. t-T^-^gv or , a larger sample from the New England and 
South Ac needed to provide more conclusive evidence. 

(2) The lmportance"of the nature of prime work (as opposed to the prime 
firm and its location) in determining the distribution of 1st tier 
subcontracts. Most of the evidence pertains to California primes. 
Additional prime samples in the rocket engine, unmanned craft and 
initial R & D categories are needed from other states. Of course, it 
must be recognized that the firms most able to perform the major 
system work in these areas are concentrated in those states which are 
represented in Che present subcontract sample. To the extent that 
major prime "capability" may not exist in other areas, the results of 
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tbls study would be sufficient. Therefore, a preliminary further 
step would Involve determining the extent and distribution of such 
additional "capability”. 

D. To aid in determining prime and major subsystem capability, certain 
Improvements in data classification and coverage would be helpful; 

(1) A more representative SIC classification is essential. As already 
discussed, the present categories make no allmvance for differences 

in technical and research Inputs. At present, NASA and "appropriate 
agencies of the Government" are working on an industry classification 
which will more "adequately reflect product lines of the various aero- 
space companies" 2^/Once this is completed, it would be instructive to 

% 

reexamine the regression analysis of Chapter 5. It is quite possible 
that the added emphasis on R & D capability under the new classifi- 
cations will Improve the significance and reliability of the regression 
equations. 

(2) An R & D vs non - R & D breakdown of subcontract activities would 
also be of value in explaining the various subcontracting patterns. 

The present work descriptions are not adequate for this purpose. 

E. The method of reporting 2nd tier subcontracts needs to be reexamined in 
light of the conclusions of this study. In order to more accurately esti- 
mate the size and distribution of 2nd tier subcontracting, it is necessary 
to examine the 2nd tier patterns resulting from individual 1st tier con- 
tracts. Under the present report system, there is no way to associate 2nd 
tier subcontracts with a given 1st tier project. The importance of such an 
association at the prime - 1st tier level emphasizes the need for the same 
data at the 1st - 2nd tier level. 
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Pryor letter to Murray L. ^Jeldenbaum, see Footnote 40. 
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FIRST TIER NASA SUBCONTRACTS >»FROM - TO** MATRIX BY STATE 


States Receiving 1st Tier Awards (*To** States) 


States Letting | 

1st Tier Awards’ 

(*'From'* States) Conn. • 

He. I Hass. 

i N. H. 

R. 1. 

1 

i ! ! ! 

j Vt. Jn. J.=N. Y. 1 Pa. 

111. 

, Conn. . *1.20 

' . . • .23 

! 4.04 
.12 

1.51 ■ 
_5.78 1 

1 

4.86.17.29 6.72 
.29' .39 .17 


Hass. , .22 • 

38.64 

. .96 : 

.55 

: 7 . 79 ; 3.09 11.54| 

• .UU . 08 ' .31 ! 

j .47 , 

• .01 

' 1.25 

4.03 ! 

.72 

! .07 

' N. J. • 1.97 1 

9.74 

.84 : 


! 8.46 19.41 10.36 

.19 

! ’ .24 1 

.80 

8.93 ] 


• t 1.20' 1.22 .71 

.07 

1 N. Y. , 7.62 ! 

13.80 

* 1 

i .07 

. . 08 ) 9.08 15.77 8.70 

.02 • 

1 '31.05 1 

37.42 


7.61 

7.24142.98:32.78 19.71 

.29 


I .5.74 I , 1.59 I .28 i 4.13, 1.04 8.04 TtI 
' i .76 .14 ; .qq : ‘ .o? .S9 .28 

I ill 1 • . n... . ■ 1 * rk l.t #-#- rn 


: 111 * ; ; ; 1.89 ■ ; I ; . 9-^7 55.57 • 

I i 1.00 * i 1 .03 .99 

! ln<J. 1 i ,10.68 ! ! .72.04 

’ . ^ 1 ! ! .27 i 1 ! .03.: i 

! Hlch. • 

1 1 

1 ! i I • ‘ ' 

Ohio , 8.89 

.99 


.18 • 1 .78 1.05 25.68 • .38 ; 
.01 r .10^ .06 1.59 J2 ' 

Wise. . .91 

. .35 

. 

44.72 ! .59 ^ 1 .21 20.00 .70 2.01 , 

11.68 ; 6.29 .! • .10 4.0Q_ .15 2.31 

Iowa ; 



^ ^ i [ ^ ^ ^ 

Hinn. : 5.35 

1 .02 

1 1 ■ 

\ 1 

• i 2.56' 8.68 23.62 , j 

! __ ! .01_ .02 .05 

Ho. , .49 

: 1.31 

, 9.28 . ! ; 

16.49 * : 1 

1 .04| .90 11.22 .36 . .76 

!. 2.^4 i 2.79:15.29*. .53 ,5.97 

D. c. : 


.64 . j 

.03 ■ ; 

i ! 1 8.33 

1 . . i .33* 

Pla. , 1.81 • 3.50 . i .11 1 

! 1.30 i 1.67 i ! 2.22 . 

1 ' .59- 3.84 i 3.54 .75 • 

i .4<i^v 1.41 ’ 1.41 1.57 

Ga. ! ! ' i i 

i ! ‘ • 1 


1 t : 

i : 1 ; 

iw: ^ 3.^0 • i 3.42 i .19 J 

i .16 . ; .10 i .72 

i • 


i .46! 3.61 j 4.24 .20 1 

.02 .08 .11 . .03 r 

Va. , ' i i ^ 

: ! 



1 i . ) 

! 1 * 

Ala. 1.59 1.93 ; 

: • .93 ! L .80 [ 1 

.25 

14^7 


2.53 i 3.03, 1 .33; .48 j 

i.ai. .95 .46 .86 ; 

i Miss. i \ X 

! t i ! : 

! 


1 9.33 i 

; JO : 

i La. ! 1.11 , 3.03 ! .01 i 

1 1.48 I 2.70 LJiQ_ 

i .15 
5.43 

.06' 1.131 3.74 .35. 7.72 I 

1.75 I.76‘ 2.55 . .26 ‘30.20 [ 

Okla. 1 , : 3.18 . 

1 ; .03 ! I 

j : 9.01 .25.23 , .54 

1 ‘ .06 .19' .02 ' 

Tex. \ 1.07 

. |. .36 ‘ 

I -O'* f 1 

.01 „ 

i 2.21 1 2.30. 2.49, .17 . 
! .86 3B .46. .16 ! 

Ariz. J j , 

! ‘ i 

1 

ll6.36t :10.00| , 

' r>8 ’ . 23 ! 

Colo. , 5.38 ; ! i 

1 .06 . ! ' 

1 

1 

! J_! : 1 

; N. H. 

- - - i 

1 i 


• : 1 ‘ ’ 

Cal . 1 4.02 i * 

■60.76 llOO.OO 

i 2.66 ! .06 

26.75 :77.<;n i 

1 .18 1 
[72.28 

.28 1.54 4.04- 8.67 1.29 

88.47!27.10.31.I6 i72.89 56.95 . 

Wash, • ■ ' i 

1 ' 


143.78 48.61 : .14. , 

[ 19 . 37 : 9 . 45 ! .03’ ' 


s 


1 

[ 


'v; 


I 


# 
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Appendix 1 continued 

States Receiving 1st Tier Awards {*To" States) 


iStates Letting ] 

1st Tier Awards 

(^'Frofn*' States)[ De!*,D* C* Fla, 


Ga« 


Hd, 


: I 

t N, CaS, C# 


Va* W. Va, 

t 


Ala, 


Conn, 


.23.01 


,70 



I 


1 
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Append Ik Table \ continued 


States Receiving 1st Tier Awards ('To'* States) 


$tates Letting * 
1st Tier Awards 
("From" States) 

i 

Ky. 

j - 

Miss. Tenn, Ark. 

1 ■ ' ! 

[ La. Okla. ; Tex. 

1 

Ar I z . 

! ■" r 

Colo. -Idaho 

Conn. 

i 

1 ^ ' 

1 1 

' .51 

i ' 

* 

1 

1 

1 

1 

1 

■ .07 

' 1 

Hass. * 


. , "1 

^ ; ■ .38 

■ .84 

■ .49 ■ 

i 



: .07 

: .13 

< .10 

N. J. i 


2 

.67 * . 5.18 

.18 


; 

\ 

•75.64 

.27 2.40 

.07 

[ ‘ 

N. Y. 1 


i joS"; 

I .05 .31 

.28 

' .75 


18.08 i 24,36 2.72' 4,79 1.50'l2.B^ 


Pa. ' .08 i .09 ( .17, 7.82 , 

4.40 i . 70 ' • .28 3.89 

m. ■ : 1 ... , ; 

! i ^ ^ ^ 

Ind. 1 

\ 1 ’ 

‘ i ■ ■ ‘ 

Hich. 1 

1 

' ! 1 

, * " 

Ohio .56 

:26.68 


1 

.30 

' ■ .13 

Wise. ; 

i ’ 


‘ * 02 j .12 

t L_ . 04 ’ , iq 

Iowa I 

. 

1 

! 

Minn. j 

1 * 

’ t . ■ 6.68' , 

' ^ t 07' ! 

Mo. 

.01 ‘ .46 .09] 2.02 „.76 ! 

1.50 1 15.15 . 91 '16.54' 8,57 1 

! oTT; i T74l 

1 ! 1 .30' 

! i 1 i i ^ i 

1 Fla. 1 .16: .591 ,39 i.tiS; .08 1.48: .03’ -46 | 

I 148.99 2.44 16.26 4.46 .69 3.99 .07 1 .40 ! 

6a. 1 1 

i 

1 ,41.04 

l.44,.„. j_ ... 

Hd. . 1 

^Tsl lis 

! ! 1.63 -n 

Va. ; 

1 

: 1 1 1 
1 ' • • 

Ala. I 1 23.30- .03 • &-38 : .63 .37 

i ‘ 82.33 1.24 ’ 13.08 ■ 1.46 .96 

Miss. ! 

2.30 j 2.17' i 28.28 • 1 

.05 : .03 .39 . 1 

i 

J 2 Iso 18.511 .18 6.21 TT 33 ^08 ' 

.89 3R.68 82.03. 3.04 31.27 5.45 -43 

Okla. -Ill *53’ , 

' ! 1 * i .09. ! 

Tex. ; .10.79 .36 .07 , 

i J L3..6r j7 ao . 

Ariz. ' i : 

1 . . 1. . 1 

j ; 2-20 > ; 

. , ’1 -03. .. . - 

Co J 0 • ! 1 

; 1 47.35 i 

1 ■ . 2.26 1 

K. H. j 

1 

1 

1 1 ' , • ! 

t 1 

CaT 

19.93 

! .16, 
1 14.00 

.02. * : .42) .6l| 1,59 1*15 , * i 

22.11 ; .18. 78.04 34.95735773.15: 100.00 

Wash. i 

t 

1 

i 1 V .31^ j ^ ( 

: ! M ! 1 1 


Appendix Ta^?e 1 continued 
States Receiving Jst Tier Awards {'To*' States) 


States Letting . 

1st Tier Award s| 

("From States) | Mont. 

; 1 ' 

Nevj. N. M. Utah 

...I. : 

I 

1 Cal , 

r 1 '■] ■■“! 

j Ore* 1 Wash, j 

Conn, ; 

! 

1 ! 

....... i 

10.15 1 • j 

Hasst ; 

i 

L 

10.60 1 
.04 1 

\ ^ 

N, J. 


1 

T 

t 

13.37 . .431 

.14 4.11 f 

N. Y. 


.38 1 i 35.10 1 .07 

41.64 [ LL2._05_ L2i.6it: i , 

Pa. 


Ti 

1 14.04 i . 17 1 

.16 - ■ %1 ; 

111. 


i I 

t 16.41 ' 
.01 

Ind. 

! i ; t7.28 i 

' ! !._!*■! : 

Hlch. 

t . , ! IIOO.OO 1 

' : . 1 j .02 

Ohio 

; 1 

1 1 

. ? ^ ^ . 

Wise. 

, 1 .03 

1 ^ -38 


29.11 1 . 09 : 

.96 . 2.62. 

Iowa 

1 


1 82.84 , ' 

: .0! : 

Minn. 


» 5.52 I 

L * ■ ^ 1 ; 

Mo, 

i .0) 1 .01 i ^0.66 .Ot .12 . ' 

: .. ( _.89 : .lA 9.15 l.K 4.42 1 

0. C. 

1 ^ 1^4:38 ^ 

; 1 ! ! -26 

Fla, 

i .44 1 < 17.02 .10, .73 , 

- L 8.52 ■ 1.03 7.26 . 1 

Ga, 

! ^ , ! 1 

Kd. 

1 J ^ PzCtTt ' 

. ' .09 t i 

Va. 

f 

1 1 ■ 1 

: 5 ■ 

^ ^ : 
i 

Ala. 


1 .03 • ' IS. 37 : 

J -^45_: . .96 

.17! 1-31 
siqJ_11.26 ■ 

iiTss^ I 

i 

1 ^ 

21.47 ; ■ i 

.01 : ! 

La. 1 


. .06 ■ .14 29:94 t .01 l-l? , 

_. 2.17_. 1 5.09 3.37 I .66 j 21.64 

Okla. 


. ! 34.30 . 

_ . . .04 ! , A 

Tex, 1 

1 

r .07 

71 .05 

* .05 36.85 i .521 , 

; .46 . ! 1 .04 • n . 70 i : 

Ariz. j 


! 1 47.43 t 20.82 

' .02 • .1.17 

Colo* ! 


i 

1 7.09 ; ' * 

.01 i 

H. M. 


100.00 
1 13.48 

- * ! i 

Cal. 

* 

28.95 I 

.01^ .08 1 
1CO.0Oh2-0O i 

-23 ' 55.31 ' I .26 ^ 

Q!i eft ; 70.43 . 47 ,4ft 1 53.94 ! __ . 

Wash, 

1 

f , 

5.06 1 

1 .16 • * : 


Tjf less than .05 % 

if The top figure in each cell represents the percent of all fst tier subcontracts 
originating in the *'Frotrs" state (row) which were received by the •To'* state (columr>)^ 
For example p 15.28 % of all 1st tier subcontracts let by Conn. (*'From'* State) were 
received by Indiana (*To'* State). The bottom figure in each cell represents the 
percent of all 1st tier subcontracts received by the 'To" state (column) which or- 
iginated in the "From" state (row). For example, 3-57 X of all 1st tier subcontracts 
received by Indiana ("To" State) originated in Conn, ("From" State). 

Source; At! fioures were tabulated on the bnsis of ^^ASA 1st tier subcontract re^^orts 
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€ 


I 


I 


# 


1 
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SECOND TIER NASA SUBCONTRACTS TO" MATRIX BY STATE 


States Receiving Second Tier Awards ("To" States) 


i States Letting 


1 




i 

1 

» 

} 

1 ; 

j 

■2nd Tier Awards 

1 


i 1 



i 

1 

I ! 


1 

("From" States}.Conn. 
1 i 

He. 

Hass, 

N, H.IR. 1. 

Vt, 

! N. J. 

N. Y, 

t 

' Pa. 1 

' f 

Ml. i 

j 


Conn. 

12.97 


13.35 

! * 



1 2.55 

:26.53 

5.04 ‘ 

.03 ‘ 



23.00 

* 

-J5.45 

i 


L 

7.98 

12.16 

4.10 

.30 


Me. 1 I ' 

! L 

1 

i 


. ^ ^ ! 


Hass. 

2.43 

.55 1 30.35 

■ -^'i 


i 

! 9.66 

1 4.09 

1 8.65 : 

p 

; . 'i 


f 2.57 

■58,28 


I21.45- 



! 18.00 

; 1.11 

• 4-19 ' 


H. H. 


.100.00 

1 : 


i 

1 

1 

( 

1 1 

1 

j 


1 

{ 20.76 

: I 



! 

1 ! 

— i 

1 

R. I. 

1 

f 

i ; 


! 

{ 

; 7.27 

22.49 i 





i 






n7 

^J2_ 

1 


vt. 

U.sS 


“TOT' 

i 

( 


f 

1 

j i 

i 



.18 


.14 

' ! 




i 

! i 



^ H. J. 

-77 1 

.86 

i I 

.08 

* 

1.13 

i 2.39 

, 4,91 ’ 

.13 ! 

1 _ 

.55 


.40 

' 1 

15-44 


1 1 .42 

_44 

! 1.61 ! 

.46 

1 

N, Y. 

.84 


1.20 

.10 



.98 

53.90 

*26.21 . 

.16 

j 


**.35 


4.05 

1 33.83i 



. 8.96 

7? 13 

62.27 ? 

4.20 ; 

j 

Pa. 

1 1 .36 

.36 

9.17 , 

. .44 



i 2.78 

22.17 

ill, 57 ' 

1.26 * 

! 


1 .58 

41,72 

6.93 i33.lL 



1 5.69 

6 63 

I 6.15 

7.16 j 


Ml. 



7.48 1 

1 



3.82 < 

12.12 

' 4.89 ’ 

41.66 • 

i 




.77 

1 



J.02_. 

.t:n 

-36 

32.38 

I 

fnd. 

i 


.51 

I 


i 


,20 

P 

1 .98 > 



» 


.19 ; 

1 


‘ 1 

1 1 

.03 

[ 

5.41 ' 


Mich. 



7.29 i 



1 

7.34 ! 

■ 9.07 

9.58 ■ 




1 


.37 * 





■ .18 

, .35 : 



Ohio 

1 


2.69 



1 1 

1 1 1.72 

J .JZ9^ 

.20 1 




1 


1.15 

1 


! 

: -06 L 


wise. 



100.00 




J 

1 



1 


1 

1 .04 

* 


1 ■ 

1 




Iowa 

. 86 

1 1 

ITi.ts , 



j 1 

5.52 ! 

! 2.10 

.29 

1.49 

i 

.99 i 

8.42 ' 

I 


1 ' 

1 

11.24 , 

,.^61_ 

! -15. 

8.43 


1 Kan, 


j 




! ! 


1 

:66.22 

t 

1 

* 1 


! 

. 1 

1 f 






' .22 

I 


Minn. 

.83 i 

i 

i ^ 

1.86 


i 

i 

2.00 i 

i 5,43 

‘ 2.97 

1.41 



■ -39 1 

.56 




1.6iLJ 

1 -65 

.63 

3.21 


Mo. 

9.04 I 

1 78.63 
■ ■ 10.39 


. 29 : 


1.72 ' 

1.12 

.68 

1. 51 • 



1.83 ! 


15.44 


.61 ' 

' .06 

.06 

1.50 


Fla. 

i 1.84 


1.32 

.11 



1.66 

1.20 

' .83 

1.96 • 



2.75 - 

( 

1.29 

11.40 


1 

4.39 

.46 

! .57 : 

14.39 * 


Hd. 

1 1.92 1 


5.53 

^ f 

[ 

■ i 

t \ 

.82 1 

2.21 

>67.18 




* .82 ■ 


1.54 




.62J 

.24 

113.1? • 



1 

• i • 1 1 

1 ^ ^ 

i ' ■ 


Ala. 

'8.29 ; 


.93 



i 

t 

1 

13.82 

j 3.09 

r 

i 


! 1.06 1 


.08 ! 

L 




.46 



i 

1 : 

Miss. 1 


i i i 

I " 

1 

J i 

La. 

1 

1 ^ ^ J ! 

f ^ : 

! I > 

. 

Okla. 

1 i 


42.43 

. 

\ 

1 « 




1.49 

t 

« 1 

1 

1 : 


1.25 ; 



' 



1 ^ 

.33 ' 

‘ 1 

Tex . 

1 

i 1 

1 3.88 

1 

1 

1 T 


1.15 

2.28 

2.74 . 

1 

1 - i 

! J 

1 , I 

! ,16 


j 

l 

1 

.02 

06 > 

.83 

. ! Ariz. 

il3.84 1 

1 

7.64 . 

1 

1 

I .551 

2.74 j 

4.15 

3.07| 

i 

-- - i 

[ 3.65 


1.32 1 L 

i 

■ 2.31 : 

1.27 ! 

.28 

.37' 

j 

' , Colo. 


1 

1 4.50 ■ 

! 

i 

13.21 

.73 i 

.37 

.41 1 

TToS ' 

' 1 ; 

• ^ 


' 1.35 i 


1 

97.69, 

.6QJ 



. .09, 

2.39 ! 

T 

1 

( 

N. M. 

: 1 

i ^ 

} 

j 

i 

i - - - 

1 1 

1 

f 

\ 

Utah 

29.03 



i 

1 

l 


* ' 


1 j 


' .46 1 

1 1 

i i 



1 



i 

* 

! 

J 

Cal. ; 

'5.72 : 

; 

i TTr* 


.03| 


2.06 1 

.03 

1.19: 

.56 



55.83 

. 1 

1 2.43 ■ 


69. 1 ! : 

• 

35.48_ ! 

2.JQ - 


26.66 

i 

L 

Ore. , 

i 

1 

1 “ 

[ * 

1 

J 

r 

'J 

i I 

r ^ 

- 

1 

Wash. J 

111 ; 

i 

96.18 

1,02^ 
r ^ . 

i 
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States Receiving Second Tier Awards (»*To** States] 


jStates Letting j i 

|2nd Tier Awards ; 

{^'From^* States)| Ind, Mich- 

1 . i ' : 

j Ohio . Wise, j Iowa j 

^ 1 

[Kan. Minn, 

1 

i 1 i 

1 Mo. 1 Neb. » Del. 

■ . i ' 

Conn, 1 3*72 

124.79 

1.95 

3.86 

1 22.23 ' 
26.95 . 

1 i 

1 .49 

' - 3.26 

1 .18 ! 
; ! 10Q.OO : 

He. ■ 


1 

1 i 

i 1 

1 


^ i J i 

Hass- i 

16.55 

19.45 

.13 

J19 

I .09 
L_2,a6 


' j i ‘ 

snn ' 


i ' 

i : 

1 .1 : 

R. 1. 33.52 

: 1.42 


Jj ^ 1 

^ rrn , 

Vt. , 

- ^ 

■ i 


' ^ 1 ^ ' 

N. J. 

3.63 1 i 

2.88 1 _ ■ ! 

[ .80 i I .12; 

ill 09 V 1 JIL 


N. Y. ■ i 5-27' .53 

•30,34 !.8q 

- ] 

; - 1 

! ‘ 1 .03 .''5 ' ! .01 

i : fl-69 ; f 2.38. 150.00 

Pa. , ,39 { 20.42- 16.38 

t.71 ; 26.30 1 12. Q7 

_ ] 

i ! ! .23: 

^ —981 . 

j 

1 • ■■ ■ 

MI. . j .451 

i .08; 

.98 j 
.34 ! 


Ind. :20.80; .13 i .95 

43.45’ .08, .36 

72.72 1 
89^331 

! . ( 1.70: i , i 

^ : 3.51 : 

Mtch. , [ 46.06 10.60 

: 4.03 ^ 

1 1 i i ! 1 1 

Ohio 3.24 

17.98 

1.07 

.78 

76.65 1 ! I i .10 1 .10 

■iU -ill 1 ! 1 ! : 1 .87 ' 50.00 

Wise. 1 

! 

! ’ i ' 

- - ^ ^ ' i 

Iowa .n 

.46 

.19 i .81 ; .20 

_ -_-L5 _2.07 1 4.86_ 

1 .14: ; 

1 .61 1 . 

Kan. J7.25 

.46 


' i 

, 1 : 

! 

Minn. 1.29 

LJtJL 

.18' 

.09! 

■ .38 

1 39^ 


12.05 ' 

.2O_70| 

Mo. . ,82 1.14: f 

r .62 \ - 26 ^ 


, ' 4.W 

^ 2^,84 

Fla. 1.54 . 06! .47 1.25 1 

8.64. .1,0 .48 ._ 4.15. 

1.06 ! I.jfi 3 . 06 . .04 • 

33.35 a5.44 . 17 no 1^86- t 

Md. I .64 1.53 I 

‘-1.03 4sJ 

j 

1^ ■ 

1 Va. f I 

‘ ! L 1 



1 : 1 

t * 

i Ala. I 

2.20 

^31 

.55 • 2.06 ' j 

.05 .58 

: 1 

■ ! 

j Miss, ! i 

1 

1 

, 

1 


1,. .1 

! 1 
1 : 

; u. . 

1 ^ ^ 

i 1 

1 ■! 1 

.91 1 

10.60 ! 1 

1 Okla. j 

, 3.19 

afl 

£ i ^ 

: ( 


Tex. - ! , 1 37.16 , 

. . ! ! ; 47.77 ! 

1 . 6.64 

» -57 

1 

. . 1 

Ariz. .26 ’ 1 1 , 

.26 : : 

1 i ' ; .....1. ' 

Colo. 3.17 1.88) 1.72 i 

_ 5.48 .96; .54 1 


! ! 1.19 

5 £L4 ! 

H. H. 

i ^ 1 

1 = : ' 1 


Utah 1 

! 

i . 44.85 i . ' 1 . 

! J|9' 1 ^ ^ 

' Cal. .04 

; • 1..45. 

! .96 3.08: .12} .01! 1.31 

10.48' 20^8 ‘ 2^57 5.94 L47. 4?. 

.18' i 

57.35 . ' .{ 
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I 

! 

f i ‘ 
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Append lx Table Z continued 


States Receiving Second Tier Awards (*To'^ States) 


States Letting * » ! 1 

2nd Tier Awards \ ' 

("From** States) Fla. * Ga* Md* * N. C* 

1 \ 

! S. C; Va- 

1 

1 

W. Va. 

A 

1 

1 

Ala. * Ky. 

Hiss. 

t 

i 

'1 

1 

Conn. .25 j .13 i | 

i - ■ •6P_i i.cfi 

1 .34 • 

L - io*q8 

1 — ^ — 

! I 

'Me. ; [ . 

• 1 ! ! 

! i 

, i 

1 

1 

1 

i 

1 

; Hass. t 1.28, 

. i i 20,78 1 , . . 

.07 2.22 ! 

■3Q.4n U2_q4 1 . 

.15 • 

3.8<» 

1 M. H. i [ f 

f !_ . ! . ..I. 



i 

1 

1 »• '• ! i i 1 

] ! ^ ; 




! Vt, 

^ ; 

i ! ' 

1 

1 

t 

1 


j_ 

N. J, 

1.59! i .20. .4lj 

1.56 2.18 507' 

1 .43 

5.64 



i 

1 t 

N. Y. 

1 .. _ 

.Oil 

•?2 

• i 

i i . .22 

! t ~ • 1 QQ - QO 


L * 

1 Pa. 

L 



•21 ' 1.52! 

3.71 ■ ?3.fi7j 

n 

1 . 01 . 

.50 .07 

. l^ 4.^ DS.75 


1 



^ i 


1 

1.98 I 
7.30 = 


Ind. 


‘ ' i 

i 1 

i . 

i 1 



Mich. 


1 

1 

1.96 

2-82 

_ J 

[ 

; ^ 5.40 

41.63 


Ohio 

.37 

-?? 

.84; 

60.33; 

! ' 

i \ 

r 


t j 


1 1 

Wise. 


I 

1 

1 

i 

t 


fe I 

1 * i 

Iowa j 

24.62 

j 

, . 25 . j 

■ ?.ft2l 1 

1 


1 i -19 

Ji2a3 

Kan* 1 

1 

j i 

! 1.82 ! i 

i i 

1 i 

, 1 

1 

( 

1 

! ...J _ 

Minn. 

.33 1 • ■ t .15; 1.35i 

i 

1 


t i 

1 

: 1 , 

Ho. 

.21, L L. _J 11 .49j 

* I 

1 

I 


> . 

1 1 - - - 

Fla. 

27.66 
57.09 ; 

•'2 .19, ' 

' -2.79 3fi2 

. 29 ; 

8 . 0 V 

.19 ' 

fi.77 

1 1 

Md. , 

1 

1 1.24 

! .73 

! 6,30 .87 

41.29 

1 ] 

1 


1 

Va. j 

i 

i 

! 

i- 

• ' i 

i i 

llOO.OOl 

1 7.59^ 



Ala. 

\ 

2.86 

.50 

2.33 .60 

32.54’ 1.73' 

! .72) .54 

'9q.iq: L26 


19.28 
97 23 ' 

1.78 

42.121 

j Hiss. 

p 

1 



100.00 1 
i 34.11 i 
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i 

,1 

1 .16| 
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! . i 
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1 

1 
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1 

1 1 

i 1 

1 i_ 

1 


r 
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1 * 
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1 
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; • 12 . m 




i 
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1 
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1 

, M. H. 
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1 i 

1 
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' 1 1 

i 

1 ' 
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! 1 

i 

1 
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1 

1 

1 
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i ! 
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1 
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Append Ik TaE>]e 2 continued 
States Receiving Second Tier Awards (*To" States} 


i 


States Lett 1 ng j | j 

2nd Tier Awards ] \ 

(“From" States) Tann. Ark,( La, 

' ^ ( 

1 

okla. Tex, 

1 

1 

Arlz. 

! i 

.‘Colo, . Idaho! IJev, 

! 

1 

' M. M. 

j 

Conn* * ,18 

1 69.79 

J 

i 

* 

■2l« .13 

1,3.82! _.ii; 


3.27 i ! 

35.55 1 : 
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1 

i 
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i 

[ 
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t 
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: i 



1 

1 
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■ --- i 1 ^ 
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I 1 

t I 

t 
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1 1-CQ 

3.16 

5.94 

.52 

2.27 , 

« 

1 1 

i 
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90.87 1 

1 5.16 

i _ . 39.59. 

.02 
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.05 

1 . 1*8 1 

1 
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: .25 
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III. * 
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i 

1 ! 
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1 - I 



! 

i 

_ 1 
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! . - _ 
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! 
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.18 
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♦ 
t 


Wise. t 1 1 

. : __ _ 

i ! 


1 


\ ewa t [ ^ 

i .06 ^ 7.49 ,06 1 

! .10 22.81 M\ \ 

1 

Kan. I 1 j 

i i ' 1 

1 ! _ 

Minn. j 111 

! .i 1 

1 j 12.13 ^ 

1 . 1 8,.3,6J 

1 .43 I f 

1-22 ! i ^ 

Ho. 1 ' i 

I 1 

! -7’ ' < 1 • j 

! 1 - 1 * 1 * : ! 

"*• ■ 1 

1 ! i Ml. 61 

1 ^ i_29. 79_ 

' .51 ! ; : 

. i*-7i ! 

t 

J 

Hd. [ I 

1 i 4.30 

2.72. 

1 

i 

i 

1 1 1 

Va. i 

J ^ 


1 1 

i t 

1 f 

Ala, 1 

. .49 ; 

.,09' 

.98 
33 

: ; ■ i 
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: ! 

t ^ 


La. 

1 

93.921 1 

98.62! i : 

i 

i ■ 

t 
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. 1 

1 1 

1 = ; 

. ... - ‘ ! ' 

i 

1 

1 

T,x. ^ 

,6.07^ (19.40; 1.72 1 

! .93 i 1.77 ..28,1 

! ! 

1 

Ariz. 1 

1 

, : l.07| 3.49' 

f t . 1*2 2.43 

3.67 1 5.33. 1 

g.oA ilQO.OQ,' i 

f 

Colo. . ! 

i 

, i 1 2.83 , .22 • 13.64 | 

L-- .. J 1 1.93 .26 la.qfe ! 

t 

: i • ! : . 1 i ■ 

- L 1 i .. L 1 

100.00 1 
45.56 

Utah f f 

■ * 

1 ; i 

I 

Cal. . .16. , j ,65 1 

|69.39 ' . 'A5..37 1 

1 .51 2.33] 

.12 1 .16 * 
6 .qi» ! . - - Joo.oa. J 

.15 ! 

5l».W* , 

Ore. i . i 

, 7.42 59.95 j 

. . i 

1 1 

» 1 


Wash. ; j 1 2.80| 

1 

! 
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Appendix Table 2 continued 


States Receiving Second Tier Awards ('To** States) 


States Letting 
l2nd Tier Awards 
("From" States) 

' j j ! * 

i Utah ^ Cal, ; Ore. ; V/ash, 

1 ! • 

i 1 

; 

' 1 

! 1 

Conn* 

i 5.58 
1 .91 

f 1 -M I 

J i K 70 ^ 

Me* 


\ 

I 

. .. J 

1 
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1 13.17 

1.2C> 

t .06 . 2-»8 

1 1.22 ’ 32.72 

I 

N. H. i 

i 


1 1 


R. 1. 


136.72 

1 ...04._ 

i 

1 


Vt, 





1 

i 

1 

K. J. ■ 

; 77.19 

' i. 08 _^ 

.14 i 
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1 

t 

N. V- j : 5.28 1 .02 : 

! 2.«;2 1 1.71 1 


Pa. 1 .12 : 9.89 1 ■ j 

37.28 1 i.ofi 1 ! 


m: 1 k Ji , ! 

.06 ■ i_ J 

1 

tnd. ! 

I 1.00 • 1 1 

: nq : 1 1 

1 
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t 

1.68 ; 1 

_0 1 _! ! 

1 " 

Ohio , , 14.34 j 

! i 

! I 

1 - 

1 . _ 

Wise, i i 1 i i 

1 1 

towa j 

53.50 ■ 

: *;.7Q ■ 

.07 1 j I 

! Kan. ) ; ; 

; : ! 1 

L.54 ;. j 1 
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: ! 

;57.11 i 
I 2.U'; 1 

.22 i i 

2,02 : 1 


Ho. 1 

1 

I j 

1 

Fla. , 

1 

1 

1 

60.31 S 

.07 ‘ 1.48 
2.02 ! 11 .57 


Md. 1 

i 

7.64 i • 

..30^ 1 


Va. ! 


! j 


Ala. • , 

1 

♦ 

39.79 1 .64 1 1 

47 LA3 ! 

i 

Miss. 

! 1 ^ 

La, 

r 

_ ! _ ! . I 

Okia, > 

1 

50.68 ■ 2.15 i i i 

.21 i ; ... 

Tex, 

\ 

17.56 . 1,40 i 1 

to ! i_z3 ; 

Ariz. i j 

i 1 

36.70 i .71 ■ ]I 

,<w . l.So 1 { 


Colo. ‘ , 

55.06 1 1 

2.14 ' ! 

i 

M. M. ' i 

. . .1 _ . 1 

i 

L. .. 1 _ 

i 

Utah 1 15.25 

: _6.2.J_2 ! 

10.86 i ^ 
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Cal. 1 i 

t i 

77.59 j .40 .14 ; 

70. ni 78.‘;<5 ! 19.9L 
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- - - i 
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j 1 il. 
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Appcndix Table 2 continued 


The top figure in each cell represents the percent of all second tier sub- 
contracts originating in the "From" statc(row) which were received by the "To" 
state (column). For example, 3.72 % of all second tier subcontracts let hy 
Conn. ("From" state) were received by Indiana ("To" state). The bottom figure In 
each cell represents the percent of all second tier subcontracts received by the 
•To" state (coiumn) which originated in the "From" state (row). For example, 
24.7^ of all second tier subcontracts received by Indiana ("To" state) originated 
in Conn. ("From" state). 

Source: All figures were tabulated on the basis of NASA second tier subcontract 

reports for the period January I, 1962, to June 30, 1966. 
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